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This  report  provides  a  detailed  fire  protection  engineer¬ 
ing  analysis  of  the  fire  vulnerability  of  a  selected  national 
sample  of  stocked  fallout  shelters.  While  the  findings  are  not 
necessarily  representative  of  magnitude,  they  are  representative 
of  the  nature  of  the  fire  vulnerability  of  fallout  shelters. 

Acceptability  criteria  for  fire-safe  fallout  shelters; 
upgrading  measures,  including  fire  extinguisher  needs;  and 
fallout  shelter  building  code  criteria  are  proposed. 
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OBJECTIVE 

The  objective  of  this  study  is  to  analyze  the  potential 
fire  vulnerability  of  fallout  shelters  exposed  to  fires  emanat¬ 
ing  from  various  sources,  including  a  nuclear  burst. 

SCOPE 

The  study  consists  of  an  evaluation  of  the  vulnerability 
of  fallout  shelters  to  fires  from  accidental  sources  as  well 
as  from  the  direct  nuclear  weapon  effects.  It  also  includes 
the  development  of  operational  guidance  for  the  selection  and 
upgrading  of  shelter  buildings,  the  establishment  of  recom¬ 
mended  fallout  shelter  provisions  for  public  building  codes, 
and  the  identification  of  worthwhile  areas  for  future  study 
and  development. 

PROBLEM  DISCUSSION 

Shelter  buildings  have  been  chosen  throughout  the  country 
to  meet  the  requirements  for  protection  against  fallout.  Typ¬ 
ically,  these  shelters  are  found  in  public  or  commercial  build¬ 
ings  having  construction  of  sufficiently  high  density.  These 
buildings  must  be  at  sufficient  distance  from  the  burst  that 
blast  effects  will  not  seriously  damage  the  shelter.  At  such 
distances  from  the  burst,  however,  ignition  of  kinding  materials 
by  the  thermal  pulse  is  possible.  Under  fallout  conditions, 
no  outside  aid  from  professional  fire  fighters  can  be  antici¬ 
pated,  nor  can  shelter  occupants  expect  to  be  able  to  flee  a 
burning  structure. 
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APPROACH 


The  primary  consideration  in  judging  the  degree  of  fire 
vulnerability  of  a  shelter  building,  is  to  measure  the  fire 
hazards  faced  by  its  occupants  under  attack  conditions.  These 
hazards  can  be  due  to  the  direct  effects  of  fire,  such  as, 
heat,  toxic  gases,  and  oxygen  depletion,  or  due  to  nuclear 
radiation  exposure  of  occupants  evacuating  a  burning  structure 
or  fighting  fire  in  unshielded  areas.  The  degree  of  fire 
hazard  depends  on  two  factors.  The  first  is  the  number  and 
location  of  fires  initiated  within  and  in  the  proximity  of  the 
shelter  building.  The  second  is  the  type  of  construction, 
occupancy,  and  internal  layout  of  the  shelter  building  itself, 
as  well  as  of  adjacent  buildings.  Considering  that  one  cannot 
predict  the  location  of  initial  fires,  the  assumption  is  made 
here  that  any  combustibles  within  the  shelter  building  or  with¬ 
in  adjacent  buildings  are  subject  to  ignition.  Furthermore, 
the  shelter  building  is  assumed  to  be  materially  unchanged  by 
the  blast  from  the  nuclear  burst .  Under  these  assumptions, 
the  vulnerability  of  shelter  buildings  has  been  determined  for 
various  fire  conditions,  excluding  mass  fires. 

The  possible  hazard  of  direct  fire  spread  within  the 
shelter  building  has  been  determined  through  comparison  of 
active  burning  times  with  the  rated  duration  of  fire  resistance 
of  the  building  tompcp  •  r.  This  comparison  was  made  for  an 
assumed  ignition  of  c  .  , loor  by  considering  in  steps,  in¬ 
creasing  areas  of  fire  involvement  until  either  fire  resistance 
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exceeded  fire  duration  or  the  entire  building  was  involved. 

The  fire  durations  were  determined  by  considering  the  weight 
of  combustibles  (fire  load)  and  relating  it  to  the  peak  fire 
burning  rate.  Burning  rate  was  taken  to  be  that  for  either 
ventilation  controlled  or  fuel  surface  controlled  burning, 
whichever  was  less. 

Four  structural  features  were  selected  as  having  a  signifi 
cant  bearing  on  minimizing  the  spread  of  smoke  and  fire  gases. 
These  are:  1)  sufficient  interior  barriers  to  limit  fire  spread 
to  the  average  partitioned  area  of  a  shelter  building  floor, 

2)  sufficiently  large  ventilation  that  the  rate  of  burning 
approached  fuel  surface  control,  3)  absence  of  minor  openings 
between  floors,  and  4)  doors  at  each  level  in  all  stair  and 
elevator  shafts. 

The  potential  for  ignition  from  burning  adjacent  buildings 
was  determined  from  the  level  of  radiant  heat  transmitted  tr, 
the  shelter  building.  This  level  was  evaluated  in  cerms  of 
the  minimum  number  of  adjacent  burning  buildings  which  would 
be  required  to  ignite  the  shelter  building, 

A  determination  was  made  for  each  shelter  building  of 
whether  or  not  suppression  of  fire  would  be  possible  if  suffi¬ 
cient  manpower  were  available  equipped  only  with  portable  ex¬ 
tinguishers  . 

It  was  assumed  that  only  incipient  fires  could  be  extin¬ 
guished  using  this  equipment,  thus  effective  fire  fighting  de¬ 
pended  on  discovery  of  all  fires  in  the  incipient  state 
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Because  of  this;  fires  involving  rapid  build-up,  or  concealed 
or  inaccessible  spaces,  were  not  considered  to  be  extinguish- 
able.  Where  portable  extinguishers  were  judged  to  be  inadequate, 
the  feasibility  of  using  existing  fixed  extinguishment  systems 
was  studied,  ' 

FINDINGS 

A.  Characteristics  of  Fallout  Shelter  Building 

Based  on  information  gathered  from  102  buildings  selected 
as  representative  of  those  available  in  the  24  cities  initially 
having  stocked  fallout  shelter  buildings,  the  following  condi¬ 
tions  are  considered  characteristic: 

1.  Fire  resistive  construction  will  be  prevalent,  although 
some  unprotected  steel  and  masonry  wood  joist  structures 
may  be  found.  Principal  floor  openings  will  generally  be 
enclosed,  but  enclosures  may  be  lacking  in  some  localities. 

2,  The  normal  occupancies  of  most  shelter  buildings  will 
consist  of  those  types  generally  found  in  commercial  and 
public  buildings. 

3,  Significant  numbers  of  portable  extinguishers  are  to 
be  found  in  a  majority  of  buildings.  Standpipe  and  hose 
installations  arc  less  often  available.  Automatic  sprink¬ 
ler  systems  are  found  for  the  most  part  only  in  particular 
types  of  occupancies, 

4.  Generally,  fewer  shelter  areas  will  be  found  above¬ 
ground  than  below  ground.  However,  the  majority  of  the 
shelter  population  will  be  in  above-ground  shelters. 
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B.  Fire  Vulnerability  of  Shelter  Building 

Analysis  of  survey  shelter  buildings  revealed  varying 
degrees  of  vulnerability  in  one  or  more  of  the  following  five 
fire-safety  attributes. 

1.  Fire  would  be  contained  within  the  floor  of  origin  in 
fire  resistive  structures  in  several  occupancy  groupings. 
Schools,  churches,  offices,  banks,  residential,  and 
telephone  exchanges  would  resist  fire  spread  either  when 
a  good  degree  of  subdivision  exists  within  each  floor, 
or  when  all  floor  to  floor  openings  are  protected. 
Manufacturing  buildings  with  low  combustible  loading 
(1-3  pounds  per  square  foot),  and  those  with  moderate 
loading  having  protected  floor  openings  would  also  resist 
the  spread  of  fire. 

2.  Well-subdivided  structures  capable  of  preventing  fire 
spread  away  from  the  floor  of  origin  would  require  only 
minimum  efforts  by  occupants  to  prevent  smoke  and  toxic 
gases  from  reaching  dangerous  levels.  When  such  structural 
characteristics  are  lacking,  special  equipment  and  materials 
must  be  employed  by  occupants  to  effectively  minimize  the 
spread  of  smoke  and  toxic  gases. 

3.  Approximately  two-thirds  of  the  surveyed  buildings  In 
"downtown”  areas  and  one-third  of  these  in  exclusively 
residential  areas  were  exposed  to  ignition  from  nearby 
burning  structures.  Approximately  one-hat C  of  all  buildings 

HiatiiAtCHtNStiturt 


5 


exposed  to  ignition  from  adjacent  buildings  could  be 
exposed  on  more  than_one  side. 

4.  With  few  exceptions,  fire  suppression  by  shelter 
occupants  could  be  effectively  accomplished  with  suffi¬ 
cient  portable  extinguishers.  Properly  supplied  stand¬ 
pipe-  and  hose  or  automatic  sprinkler  systems  will  control 
fire  in  those  exceptional  occupancies  where  rapid  fire 
buildup  is  characteristic,  or  where  access  to  combustibles 
is  prevented  by  considerable  bulk  storage  or  concealed 
combustible  building  construction. 

5.  The  contribution  of  shelter  stock  to  the  peacetime 
fire  severity  of  shelter  buildings  is  significant  only 
when  storage  of  the  combustible  portion  of  these  supplies 
exceeds  100  square  feet  of  floor  area  and  when  the  normal- 
occupancy  fire  loading  is  relatively  light.  Such  condi¬ 
tions  occur  when  stocks  for  large  shelter  areas  located 
on  several  above-ground  floors  are  stored  in  one  location. 
In  most  cases,  combustible  shelter  supplies  will  occupy 
less  than  100  square  feet  when  the  shelter  area  and  its 
supplies  are  located  on  the  same  floor. 

OPERATIONAL  GUIDANCE 

A.  Levels  of  Fire  Vulnerability 

The  criteria  for  the  selection  of  new  fallout  shelter 
buildings  and  the  upgrading  of  existing  facilities  should  include 
the  relative  degree  of  fire  vulnerability,  as  well  as  the  ability 
to  protect  against  fallouts.  It  was  shown  in  previous  analyses 
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that;  an  ignition  in  the  shelter  building  could  be  satisfactorily 
controlled  through  containment  of  fire  in  a  portion  of  the 
building  by  means  of  structural  fire  resistance  or  through  rapid 
discovery  and  extinguishment  by  shelter  occupants.  Preference 
should  be  given  to  buildings  with  fire  containment  structural 
characteristics  as  the  safety  of  fallout  shelters  in  these 
structures  is  less  dependent  upon  the  activity  of  occupants. 
However,  reliance  on  fire  extinguishment  will  give  favorable 
results  when  occupants  are  adequately  organized,  equipped,  and 
trained  for  fire  fighting  and  where  these  activities  are  not 
curtailed  by  nuclear  radiation.  The  order  of  preference  is 
given  below  using  shelter  building  categories  developed  in 
the  previous  analyses. 

la)  Fire  Limiting  -  No  combustibles  outside  shelter  areas. 

lb)  Fire  Limiting  -  Fire  gases  controllable  without 
special  means. 

lc)  Fire  Limiting  -  Fire  gases  controlled  with  special 
means . 

2  )  Suppression  Dependent 

3a)  Untenable  -  Fire  not  controllable  with  portable 
extinguishers . 

3b)  Untenable  -  Problem  other  than  extinguishment. 

1.  Fire  Limiting 

Fire  limiting  buildings  are  those  in  which  fully  devel¬ 
oped  fires  originating  outside  shelter  floors  will  not  pro¬ 
gress  to  these  floors.  The  analysis  indicates  that  shelter 
buildings  resisting  the  spread  of  direct  fires  would  mainly 
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Include  those  used  as  schools,  churches,  offices,  banks, 
residential  types,  telephone  exchanges,  and  manufacturers 
with  low  combustible  contents  loading.  A  method  for  selection 
of  fire  limiting  buildings  is  presented. 

As  the  resistance  to  direct  spread  of  fire  does  not  pre¬ 
clude  possible  spread  of  smoke  and  toxic  gases,  this  char¬ 
acteristic  of  Fire  Limiting  buildings  must  be  determined 
separately. 

2.  Suppression  Dependent 

This  intermediate  fire  vulnerability  level  denotes  those 
instances  where  fire  spread  cannot  be  adequately  resisted  by 
the  building  members,  but  it  is  possible  to  extinguish  all 
incipient  fires  using  portable  extinguishers.  This  level  in¬ 
cludes  all  buildings  not  specifically  falling  in  either  of 
the  other  two  categories. 

3.  Untenable 

This  fire  vulnerability  level  consists  of  buildings  where 
extinguishment  of  fire  using  portable  equipment  is  considered 
unfeasible  due  to  excessively  rapid  fire  buildup,  or  concealed 
or  inaccessible  combustibles.  Identification  of  buildings  hav¬ 
ing  these  characteristics  can  be  made  from  the  following 
illustrative  situations. 

a)  Buildings  where  explosive  vapors  or  dusts  may  be 
present  such  as  automobile  garages  and  certain  types  of 
industrial  occupancies. 
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b)  Buildings  with  significant  accumulations  of  wood 
scraps,  paper,  and  textiles . 

c)  Buildings  having  contents  storage  such  that  combusti¬ 
ble  stock  piles  are  high  and/or  with  the  absence  of  ade¬ 
quate  aisle  space  between  adjacent  piles. 

d)  All  buildings  of  masonry  and  wood  joist  constructions, 
as  in  these  structures  concealed  and  inaccessible  combus¬ 
tible  spaces  predominate. 

B.  Acceptability  Criteria 

The  following  factors  should  be  considered  in  evaluating 
the  potential  acceptability  of  a  building  for  fallout  shelter 
use  * 

1)  Buildings  of  all  fire  vulnerability  levels  must  be 
free  from  severe  exposure  to  ignition  from  nearby  structures. 
As  a  guide  to  such  determinations,  the  method  of  calculating 
building  separations  by  Margaret  La”  car;  be  used 

2)  Buildings  of  all  vulnerability  levels  should  be  pro¬ 
tected  from  ignition  by  the  thermal  pulse  of  the  nuclear  wea¬ 
pon  in  so  far  as  possible. 

3)  Buildings  of  all  vulnerability  levels  should  be  pro-  . 
vided  with  adequate  portable  fire  extinguishing  equipment. 

4)  Special  facilities  should  be  provided  for  controlling 
fire  gases  in  Fire  Limiting  buildings  where  this  need  has  been 
determined. 

5)  Access  within  Suppression  Dependent  buildings  should 
not  have  to  be  limited  (by  nuclear  radiation)  to  intervals  so 
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short  that  fire  discovery  and  extinguishment  efforts  will  be 
curtailed.  A  minimum  shielding  value,  possibly  a  protection 
factor  of  at  least  100,  should  be  selected  as  a  criteria. 

6)  Untenable  shelter  buildings  should  be  provided  with 
adequate  and  properly  supplied,  fixed  extinguishment  systems. 

7)  Untenable  buildings  where  toxic  and  flammable  vapors 
are  found,  principally  automobile  parking  garages,  should  be 
supplied  with  reliably-powered  mechanical  ventilation  equip¬ 
ment. 

-  C.  Upgrading  Shelter  Buildings-. - 

1.-  Reducing  Spread  of  Smoke  and  Toxic  Gases 

The  extent  to  which  smoke  and  toxic  gases  can  spread 
through  a  building,  as  has  previously  been  indicated,  is  de¬ 
pendent  in  part  on  its  interior  configuration,  the  degree  to 
which  it  is  subdivided  by  partitions  and  doors,  and  the  extent 
to  which  its  various  floor  openings  are  protected,,  Therefore, 
it  is  possible  to  reduce  this  hazard  through  structural  al¬ 
terations,  especially  in  those  portions  adjacent  to  shelter 
areas . 

In  any  case,  shelter  areas  themselves  must  be  sealed  off 
from  the  remainder  of  the  building  in  a  manner  sufficient  to 
exclude  smoke  and  toxic  gases.  This  will  necessitate  the 
grouting  of  any  wall  or  floor  openings  around  ducts  or  piping 
which  pass  through  the  shelter  area  and  the  sealing  of  any 
cracks  or  openings  around  doors  leading  into  the  shelter  area 
after  it  has  been  occupied.  In  addition ,  provisions  should 
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be  made  to  seal  all  supply  or  exhaust  openings  in  air  ducts 
within  the  shelter. area  if  the  need  arises. 

2.  Reducing  Fire  Spread 

It  is  not  expected  that  all  shelter  buildings  classed  as 
Suppression  Dependent  can  reasonably  be  upgraded  to  a  better 
classification  because  of  operational  space  and  traffic  needs 
inherent  in  certain  types  of  occupancies. 

Improvement  of  interior  barriers  to  fire  in  br.iildings 
selected  as  shelters  would  most  often  take  the  form  of 
strengthening  doorways. 

A  structure  having  deficient  ventilation  may  be  improved 
by  providing  automatic  fire  vents  at  the  top  of  stairwell  and 
elevator  shafts. 

To  aid  in  making  judgments  as  to  necessary  minimum 
improvements,  a  numerical  system  for  the  assessment  of  shelter 
fire  spread  is  proposed  here.  This  is  an  empirical  method 
developed  for  identifying  buildings  which  should  class  as 
Fire  Limiting. 

3.  Protection  against  External  Fire  Exposure 

Means  for  shielding  exterior  windows  against  the 

penetration  of  radiant  heat  energy  should  be  provided  both 
for  protection  from  nuclear  weapons  and  nearby  burning 
structures.  Such  protection  is  necessary  for  all  shelter 
buildings,  but  is  especially  important  in  Suppression  Dependent 
buildings  where  numerous  ignitions  would  become  impossible  to 
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extinguish.  The  protection  from  nearby  buildings  can  be 
limited  to  walls  facing  such  buildings,  while  protection  from 
the  thermal  pulse  will  be  necessary  for  all  windows  from  which 
the  sky  can  readily  be  observed.  The  window  shielding  may  take 
the  form  of  either  a  pre-installed  device  such  as  a  reflective 
screen  or  as  a  coating  applied  in  the  emergency  or  a  combina¬ 
tion  of  both.  A  more  substantial  means,  such  as  outside 
sprinkler  protection,  may  be  needed  where  exposure  from  nearby 
buildings  is  severe. 

4.  Portable  Fire  Extinguishers 

Current  NFPA  standards  recommend  one  2-1/2  gallon 
water  type  extinguisher  (or  equivalent)  for  each  2500  square 
feet  floor  area  in  normal  hazard  occupancies,  for  fires  in 
ordinary  combustible  materials  such  as  wood,  cloth,  paper,  etc. 
In  light  hazard  occupancies,  i.e„,  office  buildings,  schools, 
etc.,  the  allowable  floor  area  is  doubled.  The  five-gallon 
stirrup  pump  extinguisher,  considered  equivalent  to  two  of  the 
above  extinguishers,  has  been  found  to  be  the  most  satisfactory 
type.  The  requirements  for  portable  extinguishers  recommended 
for  meeting  the  needs  for  "extinguishability"  as  set  forth 
by  Salzberg  et  al  are  as  follows:  Each  occupied  shelter  area 
should  be  provided  with  a  minimum  of  four  5-gallon  stirrup 
pump  extinguishers  plus  one  additional  for  each  1250  square 
feet  of  shelter  area  in  excess  of  5000  square  feet. 

Nonshelcer  areas  of  Suppression  Dependent  buildings 

IIT  RESEARCH  INSTITUTE 


12 


should  be  provided  with  one  stirrup  pump  extinguisher  for  each 
2500  square  feet  of  floor  area  and  nonshelter  areas  of  Fire 
Limiting  buildings  should  be  provided  with  one  for  each  5000 
square  feet.  In  nonshelter  areas,  existing  2  1/2  gallon  Class 
A  extinguishers  installed  for  normal  use  may  be  accepted  in 
lieu  of  stirrup  pumps  on  a  two  for  one  basis.  The  above  re¬ 
quirements  may  be  halved  in  "light  hazard"  occupancies.  The 
survey  indicated  that,  in  most  buildings,  special  extinguishers 
are  already  installed  where  needed  for  flammable  liquid  or 
electrical  fire  hazards  (Class  B  or  C  Fires). 

5.  Fixed  Extinguishment  Systems 

Standpipe  and  ho0c  and  automatic  sprinkler  systems  with 
adequate  and  reliable  water  supplies  can  be  installed  in  shel¬ 
ter  buildings  which  would  otherwise  be  classed  as  untenable 
due  to  large  contents  bulk  or  rapid  fire  build-up.  Sprinkler 
systems  also  have  the  advantage  of  functioning  in  areas  where 
access  by  personnel  is  limited  by  fallout. 

Present  NFPA  standards  for  standpipe  and  hose  systems  for 
occupants  use  provide  that  not  over  75  foot  lengths  of 
1-1/2"  hose  be  used  at  each  hose  station  and  that  they  be 
spotted  so  as  to  reach  to  within  20  feet  of  every  point  in  the 
building. 

Where  it  is  determined  that  a  public  water  system  would 
not  provide  a  reliable  fire  protection  supply  for  sprinkler 
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or  standpipe  and  hose  systems  under  attack  conditions,  a 
private  self-contained  supply  in  the  form  of  a  pressure  tank 
or  some  equivalent  means  should  be  provided  within  the  shelter 
building. 

FALLOUT  SHELTER  BUILDING  CODE  CRITERIA 

Building  code  criteria  have  been  developed  for  fallout 
shelter  buildings  in  a  manner  intended  to  limit  fire  vulnera¬ 
bility  such  that  occupants  can  safely  remain  within  protected 
portions  without  outside  assistance  from  professional  fire¬ 
fighting  personnel. 

Differentiation  is  made  between  existing  (pre-ordinance) 
and  new  buildings  to  the  extent  necessary  to  avoid  discourag¬ 
ing  owners  of  existing  buildings  from  offering  the  use  of 
their  structures  for  shelter  purposes  due  to  prohibitive  al¬ 
teration  costs.  Recommended  building  code  provisions  are  given 
in  the  following  table. 
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NOTES: 


1.  An  existing  building  having  structural  components  of 
less  than  2  hours  fire  resistance  may  be  accepted  if, 

in  the  opinion  of  the  enforcing  authority,  its  occupancy, 
interior  configuration ,  etc.,  is  such  as  to  enable  it  to 
be  classed  as  Suppression  Dependent. 

2.  Where  the  anticipated  combustible  fire  load  of  a  build- 

'  2 

ing  is  less  than  10  lbs/ft  ,  the  required  fire  resistance 
for  primary  floor  and  roof  supports  and  vertical  open¬ 
ing  protective  assemblies  may  be  reduced  to  2  hour'?  and 
1  hour  respectively. 

3.  Flame  spread  ratings  are  based  on  the  A.S.T.M.  E-84 
Tunnel  Test  method. 

4.  Capacity  of  ingress  facilities  is  based  upon  half  of  the 
egress  facilities  normally  required  for  an  assembly  type 
occupancy  by  the  N.F.P.A.  Building  Exits  Code  and 
ideally  permits  the  last  person  to  reach  the  shelter 
area  3-1/2  minutes  after  the  first  person  passes  through 
a  shelter  area  doorway.  Although  facilities  would  be 
considered  inadequate  from  a  peacetime  egress  standpoint, 
it  must  be  recognized  that  "emergency"  egress  under  post¬ 
attack  conditions  would  probably  be  pre-planned  and 
carefully  controlled.  In  addition,  the  application  of 
normal  exit  capacity  requirements  to  most  shelter  ingress 
situations  would  produce  prohibitive  requirements  in  all 
except  shelter  buildings  having  a  peacetime  assembly 
occupancy . 
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This  report  provides  a  detailed  fire  protection  engineering 
analysis  of  the  fire  vulnerability  of  a  selected  national  sample 
of  stocked  fallout  shelters.  While  the  findings  are  not  neces¬ 
sarily  representative  of  magnitude,  they  are  representative  of 
the  nature  of  the  fire  vulnerability  of  fallout  shelters. 

Acceptability  criteria  for  fire-safe  fallout  shelters;  up¬ 
grading  measures,  including  fire  extinguisher  needs;  and  fall¬ 
out  shelter  building  code  criteria  are  proposed. 

This  report  has  been  reviewed  in  the  Office  of  Civil 
Defense  and  approved  for  publication. 
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ABSTRACT 


The  vulnerability  of  fallout' shelters  to  fires  from 
accidental  sources  as  well  as  from  direct  nuclear  weapon 
effects  are  evaluated.  This  was  accomplished  by  survey 
and  analysis  of  102  stocked  shelter  buildings  in  eleven 
cities  chosen  to  give  reasonable  diversity  in  size,  industrial 
and  commercial  emphasis,  and  geographic  location.  Operational 
guidance  developed  for  the  selection  and  upgrading  of  shelter 
buildings  and  recommended  fallout  shelter  provisions  for 
public  building  codes  are  established  for  both  existing 
structures  and  new  construction.  Areas  for  future  study 
and  development  are  identified. 
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FOREWORD 


"Shelter  Fire  Vulnerability  -  Survey  and  Analysis  of 
Representative  Buildings"  is  one  of  three  final  reports  pre¬ 
sented  on  this  project  sponsored  by  the  Office  of  Civil  Defense 
under  Contract  No.  OCD-OS-62-210.  This  fulfills  in  part,  the 
project  objective  of  analyzing  the  fire  defenses  of  urban  areas 
~in  general,  and  of  shelter  buildings  in  particular,  exposed  to 
the  thermal  pulse  and  fallout  from  a  nuclear  burst. 

IIT  Research  Institute  personnel  contributing  to  this  pro¬ 
ject  include:  C.  Caccavari,  W.  G.  Labes,  G.  L.  Maatman,  F.Salz- 
berg,  R.  B.  Varley  and  T.  E.  Waterman.  Consultants  to  this 
portion  of  the  project  were  J.  W.  Clear,  R.  S.  Moulton,  (Con¬ 
sulting  Fire  Protection  Engineer),  and  B.  R.  Townsend  (Inter¬ 
national  Association  of  Fire  Chiefs) . 

The  project  coordinator  was  Mr.  John  F.  Christian  of  the 
Office  of  Civil  Defense. 
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I. 


INTRODUCTION 


A.  Scope  of  Work 

The  scope  of  work  of  the  contract  as  amended  was:  "The 
contractor  shall  review  the  conditions  under  which  fire  fight¬ 
ing  must  occur,  evaluate  the  utility  of  organized  and  continued 
fire  suppression  within  the  first  half  hour  after  detonation 
and  explore  what  other  suppression  techniques  might  be  useful 
under  the  circumstances.  The  contractor's  specific  investiga¬ 
tion  shall  include:  (a)  evaluation  of  the  present  state  of 
knowledge  regarding  the  problem  of  mass  fires  produced  by 
thermonuclear  attack  in  which  extinguishment  of  ignitions  of 
small  fires  immediately  following  attack  can  be  an  effective 
means  of  preventing  the  growth  of  mass  fires  with  the  possibil¬ 
ity  of  arrival  of  fallout  as  soon  as  30  minutes  after  detonation, 
making  such  efforts  infeasible;  (b)  identification  of  areas 
where  additional  knowledge  of  natural  laws  is  needed;  (c)  study 
of  effects  of  radiological  fallout  hazard  on  conventional  or 
modified  fire  fighting  techniques;  (d)  determination  of  addi¬ 
tional  research  and  experimental  procedures  for  attaining  the 
objectives  listed  above,  "and"  the  additional  work  and  services 
shall  include,  but  are  not  limited  to,  the  following  areas: 

(1)  fire  prevention,  including  the  reduction  of  fire 
vulnerability, 

(2)  self-help  fire  extinguishment,  and 

(3)  organized  operations  capabilities  for  large-scale 
fire  fighting  rescue  and  related  areas." 
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The  results  of  the  investigation  are  presented  in  three 
reports.  The  present  report  treats  the  subject  of  fire  vul¬ 
nerability  of  fallout  shelters  in  fulfillment  of  Items  1  and 
2  of  the  "additional  work  and  services,"  in  the  scope  of  work. 

The  specific  objectives  of  the  report  are:  1)  evaluation  of  the 
vulnerability  of  fallout  shelters  to  fires  emanating  from  var¬ 
ious  sources,  including  a  nuclear  burst,  and  2)  development  of 
fire  protection  criteria  for  the  selection,  modification,  and 
construction  of  fallout-shelter  facilities. 

The  second  report  on  the  subject  of  fires  in  fallout 
shelters  deals  with  the  activity  required  of  shelter  occupants. 

It  is  entitled,  "Shelter  Fire  Vulnerability-Specific  Fire 
Limiting  Activities  of  Occupants." 

The  objectives  of  the  scope  of  work,  as  applied  to  the 
over-all  fire  defenses  of  urban  areas,  are  dealt  with  in  a 
third  report  entitled,  "An  Approach  to  Trans-Attack  Fire 
Suppression  in  Urban  Areas." 

B.  Approach 

The  primary  considerations  in  judging  the  fire  vulner¬ 
ability  of  a  shelter  building  are  the  fire  hazards  faced  by 
its  occupants  under  attack  conditions.  These  hazards  can  in¬ 
clude  the  direct  effects  of  fire,  such  as,  heat,  toxic  gases, 
and  oxygen  depletion,  as  well  as  exposure  to  nuclear  radiation 
while  fighting  fire  in  unshielded  areas  or  after  fleeing  a 
burning  structure.  The  degree  of  fire  hazard  depends  on  two 
factors.  The  first  is  the  number  and  location  of  fires  initiated 
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within  and  in  the  proximity  of  the  shelter  building.  The  second 
is  physical  layout,  including  the  type  of  construction,  occu¬ 
pancy  and  internal  configuration  of  the  shelter  building  itself 
and  of  adjacent  buildings. 

Since  the  location  of  initial  fires  cannot  be  predicted, 
the  assumption  is  made  here  that  any  combustibles  within  the 
shelter  building  or  adjacent  buildings  are  subject  to  ignition. 
Furthermore,  the  shelter  building  is  assumed  to  be  materially 
unchanged  by  the  blast  of  the  nuclear  burst.  Under  these 
assumptions ,  the  vulnerability  of  shelter  buildings  has  been 
examined  for  various  fire  conditions,  excluding  mass  fires. 

The  investigation  has  included  the  hazard  of  direct  spread  of 
fire  to  shelter  areas  from  ignitions  within  the  shelter  build¬ 
ing  or  from  adjacent  burning  buildings,  the  spread  of  smoke 
and  toxic  gases,  the  feasibility  of  fire  suppression  by  shelter 
occupants  using  portable  extinguishers,  and  the  significance 
of  fixed  extinguishment  systems.  Further,  the  influence  of 
shelter  provisions  on  the  peacetime  fire  hazard  is  explored 

In  most  cases,  the  analyses  were  performed  using  natural 
laws  governing  the  behavior  and  effects  of  free  burning  fires. 

In  some  instances,  where  such  knowledge  was  not  available,  the 
conclusions  were  reached  using  engineering  judgment.  The 
necessary  data  for  the  study  was  obtained  by  on-site  surveys 
of  existing  fallout  shelters. 
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II. 


SHELTER  BUILDING  SURVEY 


A.  Objectives  of  Survey 

The  information  collected  in  the  survey  was  to  be  used 
for  performing  specific  analyses  of  fire  hazards,  as  well  as  to 
supply  the  usual  criteria  needed  by  the  fire  protection  engineer. 
The  analyses  of  fire  hazards,  which  include  interior  fire  spread, 
fire  spread  from  nearby  buildings,  and  spread  of  smoke  and  toxic 
gases,  are  discussed  in  the  next  chapter. 

For  the  consistent  and  accurate  gathering  of  information, 
a  set  of  four  forms  was  drawn  up  which  outlined  the  type  and 
emphasis  of  data  desired.  Detailed  information  was  noted  about 
those  areas  and  floors  which  contained  shelters;  and  the  remain¬ 
der  of  the  building  surveyed  in  more  general  terms.  Neighboring 
structures  and  other  pertinent  external  features  were  also  con¬ 
sidered.  The  forms  used  are  shown  on  pages  A-2  to  A- 12  of 
Appendix  A,  including  a  sample  of  the  information  obtained  for 
each  building. 

Two  forms  were  set  up  for  the  shelter  floors  themselves, 
Form  B  for  the  structural  items,  and  Form  C  for  the  contents  and 
building  equipment.  Items  considered  in  Form  B  were:  area,  shel¬ 
ter  capacity,  ceiling  height,  and  materials  used  for  walls,  ceil¬ 
ings  and  floors.  Also  noted  were  details  of  all  openings  in  the 
shelter,  including  a  tabulation  of  doorways,  giving  their  use, 
width,  height,  opening  direction,  and  construction.  Information 
concerning  fire-protection  equipment,  both  portable  extinguishers 
and  fixed  systems,  was  also  included. 
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The  contents  of  the  building,  including  service  equip¬ 
ment  and  process  equipment,  as  well  as  utilities  on  floors 
containing  the  shelter,  were  listed  in  Form  C.  Locations  of 
these  items  were  noted  relative  to  areas  designated  as  shelter 
space.  Also,  quantities  of  shelter  supplies  and  possible  fu¬ 
ture  shelter  support  equipment  were  recorded. 

The  over-all  description  of  the  building  was  detailed  on 
Form  A  in  terms  of  two  categories:  construction  and  occupancy. 
Age,  area,  height,  construction,  exterior  wall  openings,  nature 
of  floor  openings,  and  building  service  equipment  were  shown. 
Occupancy  was  noted  indicating  special  uses,  such  as  merchandise 
or  material  storage,  and  manufacturing  equipment. 

Form  D,  entitled  ’’Environmental  Data"  described  all 
structures  having  any  portion  located  within  one  hundred  feet 
of  the  shelter  building.  Items  considered  were:  construction, 
occupancy,  height,  ground-floor  area,  window  openings,  and 
distance  from  shelter  building.  Other  pertinent  features  were 
noted,  such  as  tracks,  tunnels  and  bridges,  and  proximity  of 
gas  mains,  transformers,  power  lines,  and  sewers. 

The  data  collected  were  supplemented  by  drawings  which 
included,*  1)  a  floor  plan  of  the  ground  floor  of  the  shelter 
building,  2)  floor  plans  of  all  shelter  floors  of  the  building, 
and  3)  a  map  showing  the  locations  of  surrounding  buildings. 
Photographic  coverage  was  used  to  the  greatest  possible  extent. 
In  addition,  summaries  were  prepared  to  relate  the  general 
impressions  obtained. 
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B.  The  Sampling 

From  its  inception,  the  survey  was  concerned  only  with 
stocked  shelters.  This  was  done  to  check  the  possible  effect 
of  shelter  supplies  on  the  fire  situation,  and  also  to  assure 
that  the  buildings  had  been  completely  processed  by  the  ad¬ 
ministrating  authorities  and  found  acceptable.  The  initial 
selection  was  made  from  the  list  of  940  stocked  structures 
within  twenty-four  ’’Accelerated  Provisioning  Cities,”  shown 
in  Table  1. 

Nine  cities  initially  selected  from  the  list  were: 
Buffalo,  New  York;  El  Paso,  Texas;  Green  Bay,  Wisconsin;  Los 
Angeles,  California;  Newark,  New  Jersey;  Seattle,  Washington; 
and  Washington,  D.  C.  These  were  chosen  as  giving  reasonable 
diversity  in  size,  industrial  and  commercial  emphasis,  and 
geographic  location.  Chicago  and  Evanston,  Illinois  were  used 
in  later  surveys  when  stocked  shelters  became  available  there. 
Within  each  city,  about  15  shelter  buildings  were  selected, 
with  the  intent  to  represent  various  occupancies  from  among 
significant  types  found.  In  total,  102  shelter  buildings 
were  chosen  which  were  considered  to  give  an  adequate  sampling. 

C.  Information  Obtained 

1.  Variations  in  Shelter-Building  Construction 
a.  Structural  types 

Of  the  102  buildings  surveyed,  eighty-six  were  found 
to  be  entirely  of  fire-resistive  construction.  Six  other  fire- 
resistive  structures  have  sections  of  wood  joist  construction 
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TABLE  1 


ACCELERATED  PROVISIONING  CITIES 


Locations 


Albuquerque,  New  Mexico 
Baltimore,  Maryland 
Buffalo,  New  York 
Camden,  New  Jersey 
Denver,  Colorado 
Des  Moines,  Iowa 
East  St.  Louis,  Illinois 
El  Paso,  Texas 
Green  Bay,  Wisconsin 
Jacksonville,  Florida 
Little  Rock,  Arkansas 
Long  Beach,  California 
Los  Angeles,  California 
Louisville,  Kentucky 
Newark,  New  Jersey 
Oklahoma  City,  Oklahoma 
Phoenix,  Arizona 
Sacramento,  California 
Salt  Lake  City,  Utah 
St.  Louis,  Missouri 
St.  Paul,  Minnesota 
Seattle,  Washington 
Washington,  D.  C. 
Wichita,  Kansas 

TOTAL . - . 


Shelter  Stocked 

Buildings  Spaces 


26 

7,546 

24 

15,087 

65 

15,149 

39 

25,015 

31 

34,554 

68 

31,790 

19 

7,565 

40 

8,755 

8 

5,737 

20 

50,534 

26 

21,488 

25 

10,461 

47 

23,576 

63 

50,000 

72 

3,840 

57 

70,142 

17 

21,635 

6 

20,000 

2 

604 

54 

32,352 

72 

24,449 

45 

34,374 

57 

69,027 

34 

11,830 

940  — - 

— -  595,510 
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(masonry  walls  with  combustible  floor  and  roof  structrual 
members).  Five  buildings  have  unprotected  steel  members 
(columns  and  beams)  supporting  concrete  floors.  Five  build¬ 
ings  are  entirely  of  wood-joist  construction. 

Of  the  fire  resistive  structures,  61  are  constructed 
with  reinforced-concrete  floors  and  supports,  21  have  masonry 
bearing  walls  supporting  reinforced-concrete  floors,  and  10 
have  concrete  floors  with  protected  structural  steel  frames. 

In  the  92  buildings  without  wood  structural  members, 

48  have  wood  doors  and  trim.  Eleven  have  wood  floor  surfacing 
and  a  great  number  were  found  with  vinyl,  asphalt  tile  ,  or 
linoleum  surfacing.  However,  only  a  few  were  found  to  have 
combustible  acoustic-tile  ceilings  or  wood  wall  paneling, 
b.  Subdivision  of  buildings 

Thirty-four  structures,  mostly  schools,  offices,  and 
residential  types,  were  found  to  have  a  significant  degree  of 
subdivision  by  partitions  on  each  floor.  However,  the  survey 
revealed  that  the  floor  subdivisions  do  not  always  coincide 
with  the  shelter-area  boundary. 

Major  floor  openings  in  subdivisions  are  protected  with 
doors  or  enclosures  in  73  buildings.  Of  these,  24  were  found 
to  have  all  elevator  and  stair  shafts  protected  with  masonry 
enclosures  having  doors  at  each  level.  Unprotected  floor  open¬ 
ings  between  at  least  two  floors  exists  in  29  buildings.  Min¬ 
or  floor  openings,  ducts,  pipe  chases,  and  bussways  were  ob¬ 
served  in  89  buildings.  Fire  dampers  in  duct  systems  are  often 
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lacking,  particularly  on  high  velocity  air  conditioning 
systems. 

2.  Peacetime  Occupancies  of  Shelter  Buildings 

The  occupancies  of  the  102  shelter  buildings  surveyed 
are  as  follows.  Fourteen  are  school  and  church  types 
(essentially  classroom  types  with  open  auditoriums)  including 
one  downtown  business  school,  two  college  classroom  buildings, 
five  high  and  junior  high  school  buildings,  four  grade  schools, 
and  two  churches. 

Twenty-three  are  office  type  buildings  including  five 
banks ,  five  government  office  buildings ,  and  thirteen  general 
office  structures.  Four  of  the  general  office  buildings  have 
mercantile  occupancies  on  the  first  floor.  One  state  govern¬ 
ment  office  was  constructed  as  a  blast-resistant  shelter. 

Fifteen  are  residential  type  buildings  including  two 
homes  for  the  aged,  two  hospitals,  one  orphanage,  one  hotel, 
one  YMCA,  and  eight  apartment  houses. 

Nine  are  manufacturing  buildings  including  five  occupied 
for  light  manufacturing,  one  clothing  factory,  one  cannery, 
and  two  cement  plants. 

Eight  warehouses  surveyed  included  two  used  for  paper 
and  wood  products,  two  for  hardware  and  heavy  appliances,  one 
for  pharmaceuticals,  one  for  photographic  supplies,  and  two 
for  general  storage  purposes. 
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Ten  mercantile  establishments  surveyed  included  one  re¬ 
tail  store,  one  bookstore,  one  musical-instrument  store,  and 
seven  department  stores. 

Five  publishing  firms  surveyed  included  two  newspapers, 
one  heavy  printing,  and  two  light  printing  establishments. 

Six  are  theater  or  arena  type  structures  including  three 
motion-picture  theaters,  a  college  drama  building,  a  televi¬ 
sion  studio,  and  a  high  school  gymnasium. 

Five  garages  surveyed  included  three  automobile-parking 
structures,  a  bus  garage,  and  an  automobile  sales  and  service 
organization. 

The  remaining  seven  of  the  surveyed  buildings  included 
two  post  offices,  two  libraries,  and  three  telephone  or  fire 
alarm  exchanges. 

3.  Extinguishment  Facilities  Present 

Significant  fire  extinguishment  means  for  use  by  occu¬ 
pants  were  found  in  84  buildings.  Of  these,  55  have  portable 
extinguishers  only,  5  have  standpipe  and  hose  systems  only, 
and  24  have  both  means  provided.  Sixteen  buildings,  princi¬ 
pally  those  used  as  garages,  warehouses,  publishing  firms, 
and  retail  stores,  are  protected  by  complete  automatic  sprink¬ 
ler  installations.  Two  of  these  have  water  supplies  auxiliary 
to  the  city  system.  Partial  sprinkler  protection  exists  in 
26  shelter  buildings,  principally  in  basement  areas. 

4.  Location  of  Shelters  within  Buildings 

Of  the  102  buildings  surveyed,  59  have  shelter  spaces 
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in  basements  only,  3  have  spaces  above  Che  ground  only,  and 
40  have  spaces  both  above  ground  and  in  basements.  The  total 
number  of  occupants  provided  for  in  these  shelters  is  166,406. 
Of  these,  90,695  would  be  above  ground  and  75,711  in  basements. 
5.  Location  of  Shelter  Buildings  within  City 
The  surveys  indicated  that  the  shelters  tend  to  be  con¬ 
centrated  around  the  principal  business  districts.  Shelters 
in  department  stores,  offices,  banks,  garages,  etc.,  were 
found  centered  in  this  district.  Shelter  buildings  containing 
manufacturers  ,  publishers,  warehouses,  and  apartment  houses 
appeared  toward  the  fringes  of  the  business  district.  Only 
shelters  in  schools,  hospitals  and  churches  were  found  located 
in  all  areas  throughout  the  city. 

III.  DETERMINATION  OF  FIRE  VULNERABILITY 
A.  Methods  of  Analysis 

1.  Interior  Fire  Spread 

Fire  spread  within  a  structure  is  governed  by  the  type 
of  construction,  internal  layout,  and  contents.  The  construc¬ 
tion  type  determines  the  resistance  of  walls  and  floors  to 
penetration  by  fire.  The  usual  method  for  determining  struc¬ 
tural  fire  resistance  consists  of  rating  the  performance  of 
building  materials  and  components  when  exposed  to  standard 
fire  test  conditions.  The  time -temperature  relationship  for 
the  standard  fire  test  is  given  by  ASTM  E-119.^  This  re¬ 
lationship  provides  a  good  means  for  determining  the  fire 
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resistance  of  materials,  since  the  general  temperature  levels 
over  most  of  the  curve  correspond  to  magnitudes  observed  in 
actual  building  fires. 

Customarily,  the  fire  resistance  rating  of  materials  is 
expressed  in  terms  of  duration  of  exposure  to  the  standard  fire. 
Results  of  tests  using  this  criterion  are  published  by 
Underwriters  Laboratories,  Inc.,  National  Bureau  of  Standards, 
and  others.  The  British  Department  of  Scientific  and 
Industrial  Research  has  also  done  considerable  testing  using 

(2) 

a  similar  time-temperature  relationship  for  the  standard  firev  . 

The  traditional  method  of  determining  fire  spread  poten¬ 
tial  within  a  structure  has  been  that  of  relating  the  combus¬ 
tible  fire  load  (amount  of  combustible  materials  in  pounds  per 
square  foot  of  floor  area)  directly  with  the  fire  resistance 
rating  of  structural  materials.  Low  and  moderate  amounts  of 
combustibles  are  said  to  increase  the  fire  resistance  require¬ 
ments  one  hour  for  each  ten  pounds  per  square  foot  of  loading. 

In  this  system,  the  rate  of  burning  is  taken  to  be  constant  at 
10  pounds  per  hour  per  square  foot  of  floor  area,  which  cor¬ 
responds  to  one  particular  situation.  Since  the  burning  rate 
controls  the  duration  of  fire,  it  should  be  used  to  appraise 
the  adequacy  of  the  fire  resistance.  The  burning  rate  depends 
upon  fuel  surface  and  ventilation  supply  whichj in  turn,  depends 
upon  the  building  geometry  and  configuration  of  the  combusti¬ 
bles. 
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The  burning  rate  of  common  cellulosic  materials  under 

well-ventilated  conditions  has  been  determined  to  be  a  function 

(3) 

of  the  fuel  surface  area.  The  work  reported  by  Thomas'1  ' , 
which  included  well-ventilated  burning  of  1/4  inch  panels  and 
dimensioned  timbers,  indicates  that  an  average  value  for  burn¬ 
ing  rates  of  wood  during  the  peak  fire  is  given  by: 

Rs  -  0.09  Ag  (1) 

where 

R  *  burning  rate  in  lb/min. 
s 

2 

Ag  *  the  exposed  area  of  combustible  surface  in  ft  . 

Recent  work  by  Thomas ^  (in  substantial  agreement  with 
other  sources)  demonstrated  that  the  peak  burning  rate  of  a 
ventilation-controlled  fire  can  be  represented  by: 

\  -  0.678  H„  (2) 

where 

R^  =  burning  rate  in  lb/min. 

2 

*  the  area  of  the  openings  supplying  ventilation  (ft  ) , 
and  *  the  height  of  these  openings  (ft). 

In  an  average  room,  the  transition  from  the  burning  of 
individual  items  to  the  burning  of  the  whole  room  area  occurs 
suddenly.  This  phenomenon  is  called  flashover.  Simultaneously 
with  the  flashover,  the  temperature  of  room  rises  rapidly  from 
about  500°F  to  about  1500°F.  If  the  start  of  flashover  is  in¬ 
terpreted  to  be  the  point  where  the  standard  time- temperature 
curve  passes  through  900° F,  then  a  corresponding  "zero"  time 
with  respect  to  flashover  would  be  at  the  four  minute  mark. 
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The  fire  spread  within  structures  was  determined  using 
this  frame  of  reference  for  standard  fire  resistance  ratings 
and  the  burning- rate  equations.  This  was  accomplished  by 
considering  the  progress  of  the  fire  as  a  series  of  flashovers. 
The  initial  flashover  was  established  for  an  area  of  about  100 
to  150  square  feet  with  subsequent  flashover  areas  three  times 
that  of  the  immediately  preceding  area.  This  procedure  is 
based  upon  observations  of  free  burning  building  fires  during 
the  St.  Lawrence  burns. ^  It  was  assumed  that  each  structure 
contained  enough  air  by  volumetric  capacity  plus  infiltration 
to  support  a  fire  through  the  initial  flashover.  After  flash- 
over,  only  windows  adjacent  to  the  fire  area  were  considered 
to  provide  ventilation  to  the  fire.  The  dimensions  of  these 
window  openings  were  used  to  evaluate  the  ventilation-controlled 
burning  rate  (Eq.  2).  Equation  1  was  used  to  determine  the 
surface-controlled  burning  rate,  and  the  lesser  rate  was  used 
in  determining  the  duration  of  peak  fire  in  the  location  con¬ 
sidered.  In  this  respect,  Thomas Akita and  others  have 
observed  that  approximately  50  per  cent  of  the  weight  of  com¬ 
bustible  materials  contributes  to  the  peak  fire.  Accordingly, 
the  duration  of  the  peak  fire  has  been  taken  to  be  one-half  the 
ratio  of  the  fire  load  to  the  burning  rate. 

The  procedure  for  computing  fire  spread  based  on  window 
ventilation  is  not  valid  for  basements  and  similar  windowless 
confinements.  It  would  appear  that  such  conditions  result  in 
fires  with  very  long  duration.  This  was  confirmed  by  a 
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calculation  of  burning  rate  based  on  the  weight  of  air  flowing 
through  door  cracks  into  the  room^  compared  with  the  air 
needed  for  combustion  of  the  fuel^.  Sy  this  procedure,  the 
burning  rate  in  pounds  per  minute  was  found  to  be  numerically 
equivalent  to  one  hundredth  of  the  crack  length  (ft)  in  a  door 
leading  to  the  fire  area.  The  resulting  burning  rates  gave 
fire  durations  exceeding  at  least  6  hours  (see  page  B-4).  A 
meaningful  physical  interpretation  of  the  effect  of  this  low 
burning  rateon  structural  fire  resistance  is  not  now  possible. 
Fortunately,  the  majority  of  such  areas  subject  to  such  fires 
are  designated  as  shelters.  Study  of  fire  spread  in  shelter 
areas  is  unwarranted;  the  treatment  of  fires  in  these  areas 
should  be  considered  in  terms  of  extinguishment. 

In  the  analysis  of  fire  spread,  the  resistance  of  struc¬ 
tural  members  has  been  interpreted  to  be  the  time  necessary  to 

2 

penetrate  the  member  and  to  flashover  an  area  of  100  to  150  ft 
on  the  unexposed  side.  As  an  example  of  the  results,  door 
ratings  established  by  this  analysis  are  given  in  Table  II. 

It  can  be  noted  that  the  resistance  to  fire  spread  through  a 
wall  opening  without  a  door  has  been  given  a  non-zero  value. 

The  approach  described  above  was  used  to  determine  the 
spread  of  fire  within  shelter  buildings.  For  this  purpose, 
each  structure  was  first  subdivided  according  to  the  fire  bar¬ 
riers  present.  Floors  comprised  the  primary  subdivisions,  with 
the  partitions  within  floor  areas  providing  secondary  sub¬ 
divisions.  Both  subdivisions  were  analyzed  regarding  their 
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TABLE  II 


FIRE  RESISTANCE  RATINGS  OF  DOORWAYS 
ON  A  FLASHOVER  TO  FLASHOVER  BASIS 


Time -Minutes 

Doorway,  open  5 
Tempered  Glass  26 
Wood  Panel,  1"  frame,  1/4"  panel  10 
Wood  Panel  1-1/2”  frame,  3/8”  panel  15 
Wood  Hollow  Core  10 
Wood  Solid  Core,  1  1-1/4”  20 
Wood  Solid  Core,  1-1/2”  2"  24 
Metal  Door  Ordinary  Glass  10 
Metal  Door  Wire  Glass  36 
Metal  Door  without  Glass  56 
U,  L.  Class  "C"  Door  41 
U.  L.  Class  ”n"  Door  86 
lT.  L,  Class  k-1  Door  176 
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resistance  to  fire.  This  was  accomplished  by  determining  first 
the  duration  of  the  peak  fire,  according  to  the  method  dis¬ 
cussed  above.  When  the  duration  of  the  peak  fire  was  less  than 
the  rating  of  the  least  fire-resistive  member,  fire  was  con¬ 
sidered  to  have  been  confined  within  the  subdivision.  When 
the  duration  was  found  to  be  in  excess  of  the  rating,  fire  was 
considered  to  have  spread  through  the  barrier. 

Distinction  was  made  between  direct  penetration  of  floors 
and  penetration  into  a  shaft  on  one  floor  and  out  of  the  shaft 
on  another  floor.  When  both  modes  of  penetration  were  found 
to  exist,  the  one  affording  the  least  resistance  was  considered. 
Appendix  B  shows  typical  computation  sheets  for  calculations 
of  fire  spread. 

2.  Spread  of  Smoke  and  Toxic  Gases 

With  the  multiplicity  of  variables  and  the  number  of  situa¬ 
tions  involved  in  the  buildings  surveyed,  no  quantitative 
assessment  could  be  made  of  fire-gas  production.  However,  a 
relative  comparison  was  made  between  buildings  on  the  basis 
of  features  which  tend  to  diminish  fire  gas  concentration  in 
the  occupied  areas.  These  features  were  determined  from  the 
following  considerations. 

The  concentration  of  smoke  and  toxic  gas  reaching  the 
shelter  area  depends  upon  a  number  of  factors  which  in  them¬ 
selves  are  inter-related.  These  factors  are:  1)  fire  duration 
and  size,  2)  the  concentration  of  toxic  gas  generated  in  the 
fire  area,  and  3)  dilution  of  fire  gases  and  loss  of  buoyancy 
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pressure  along  paths  between  fire  area  and  shelter  area.  The 
following  parameters  can  be  specified  for  minimizing  the 
spread  of  smoke  and  toxic  gases: 

a)  small  fire  area, 

b)  small  fire  load, 

c)  large  ventilation  to  fire  area  ratio, 

d)  small,  surface- to-weight  ratio  of  the  fuel, 

e)  few  paths  between  fire  and  shelter  area, 

f)  many  barriers  between  fire  and  shelter,  and 

g)  lack  of  vapor  "tightness"  in  building  construction. 

Of  the  information  available  from  the  shelter  survey  and  fire- 
spread  calculations,  the  following  conditions  were  found  to 
reflect  the  above  parameters: 

1)  fire  spread  limited  to  average  partitioned  area  relates 
to  items  a  and  b, 

2)  ventilation  sufficiently  large  for  the  burning  rate  to 
be  fuel  surface  controlled  reflects  items  c  and  d, 

3)  absence  of  minor  openings,  except  at  one  central  core, 
closed  from  the  remainder  of  the  floor,  reflects  item  e,  and 

4)  all  stairs  and  elevators  in  shafts  having  doors  at  each 
level,  signifies  additional  barriers  specified  in  item  f.  No 
information  was  obtained  concerning  item  g,  tightness  of  build¬ 
ing  construction. 

With  all  four  conditions  met,  smoke  and  toxic  gas  levels 
in  the  shelter  areas  would  not  be  expected  to  become  critical. 
With  three  of  four  conditions  exhibited,  it  would  be  expected 
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that  shelter  occupants  through  make-shift  sealing  efforts  from 
materials  at  hand  should  be  able  to  prevent  critical  levels 
from  being  reached.  With  fewer  than  three  of  these  conditions 
being  met,  special  materials  and  devices  would  be  needed  for 
sealing  shelter  areas. 

3.  Fire  Spread  from  Nearby  Buildings 

Potential  ignition  from  burning  adjacent  structures  can  be 
determined  from  the  level  of  radiant  heat  transmitted.  This 
level  was  evaluated  in  terms  of  the  minimum  number  of  buildings 
opposing  the  shelter,  that,  when  burning,  would  ignite  the  shel¬ 
ter  building.  For  the  purposes  of  this  analysis,  wood  frame 
and  masonry  wall  buildings  were  considered  to  be  burning  entire¬ 
ly  at  one  time.  Fire  resistive  buildings  were  considered  to  be 
burning  a  floor  at  a  time. 

The  calculations  were  performed  by  using  a  flame  area  equal 
to  twice  the  area  of  the  windows  on  the  floors  being  considered. 
This  was  done  to  compensate  for  floor  penetrations  and  flame 
above  the  windows.  Flame  temperature  was  assumed  to  be  1800°F 
with  an  emittance  of  one.  When  the  radiation  level  is  suffi- 
cient  for  pilot  ignition  of  exterior  wood  (0.4  cal/cm  sec), 
materials  within  the  building  are  said  to  ignite. 

4.  Feasibility  of  Extinguishment 

An  important  aspect  for  evaluating  the  vulnerability  of  a 
shelter  building,  is  the  determination  of  whether  suppression 
of  fires  is  feasible.  Such  predictions  were  made  for  the  sur¬ 
veyed  shelter  buildings,  assuming  that  in  an  occupied  shelter 
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sufficient  manpower  and  portable  extinguishers  would  be  avail¬ 
able.  The  consideration  of  fire  suppression  was  limited  to  in¬ 
cipient  fires,  precluding  fires  of  rapid  build-up  or  in  con¬ 
cealed  or  inaccessible  spaces. 

The  determination  of  extinguishability  in  individual  shelter 
buildings  was  made  by  engineering  judgment  with  the  assistance 
of  project  consultants.  When  portable  means  were  found  inad¬ 
equate,  the  feasibility  of  suppression  by  fixed  systems,  such 
as  standpipe  and  hose,  and  automatic  sprinklers,  was  determined. 
B.  Results 

1.  Resistance  to  Interior  Fire  Spread 

The  resistances  of  the  various  types  of  surveyed  shelter 
buildings  to  interior  fire  spread  are  summarized  in  Table  III. 
The  table  shows,  in  each  case,  the  maximum  floor  area  which 
would  be  involved  in  a  fire  resulting  from  a  single  ignition. 

In  order  to  show  possible  relationships  between  occupancy  group¬ 
ings  and  fire  spread,  buildings  of  wood  joist  construction,  in 
which  total  fire  spread  will  always  occur,  have  been  enumerated 
separately. 

As  seen  from  Table  III,  the  first  three  occupancy  groupings, 
schools  and  churches,  offices  and  banks,  and  residentials  ex¬ 
hibit  the  best  fire  resistant  characteristics.  This  is  a 
consequence  of  moderate  combustible  loadings,  large  window 
areas  and  a  generally  good  degree  of  subdivision  found  in  most 
of  these  types  of  occupancies.  Where  subdivision  was  lacking, 
as  in  churches,  bank  buildings  and  dormitory  type  residentials, 
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TABLE  III 


RESULTS  OF  FIRE  SPREAD  ANALYSIS 


Area  of  Maximum  Fire 
Involvement  Resulting 
from  One  Ignition 

Number  of  (Number  of  Buildings)* 

Wood  Joist  - . .  — - 

Structures  Average 

Type  of  or  Partitioned  Entire  Entire 

Number  Occupancy  Additions  Area  Floor  Building 


14 

Schools  and 
Churches 

1 

10 

2 

1 

23 

Offices  and 
Banks 

1 

14 

6 

2 

15 

Residentials 

3 

8 

3 

1 

3 

Telephone 

Exchanges 

0 

0 

2 

1 

5 

Garages 

0 

0 

2 

3 

2 

Post  Offices 

0 

0 

0 

2 

2 

Libraries 

0 

0 

0 

2 

8 

Warehouses 

0 

0 

1 

7 

9 

Manufacturers 

1 

0 

5 

3 

5 

Publishers 

1 

0 

1 

3 

10 

Mercantiles 

3 

0 

0 

7 

6 

Theaters  and 
Arenas 

1 

0 

0 

5 

*  Excluding  vood  joist 

structures 
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fire  would  spread  throughout  the  floor  of  ignition.  In  struc¬ 
tures  which  have  open  stairways  and  a  higher  than  average 
combustible  fire  loading,  the  fire  would  spread  throughout  the 
building.  For  example,  this  was  observed  in  two  offices  which 
have  mercantile  occupancies  on  the  first  floor  and  open  stair¬ 
ways,  and  in  both  a  school  and  an  apartment  building  having 
extensive  combustible  interior  surfaces  and  open  stairways. 

Telephone  exchanges  have  low  combustible  loadings, 

adequate  windows  and  very  little  subdivision  within  the  floor. 
The  telephone  exchange  in  which  fire  would  spread  beyond  the 
floor  of  origin  was  an  alarm  office  with  unexpectedly  large 
quantities  of  stored  combustibles. 

Post  Offices  and  Public  Libraries  were  found  to  be  simi¬ 
lar  to  the  first  three  groupings  of  occupancies  in  Table  III, 
except  for  the  lack  of  subdivision  within  and  between  floor 
levels,  and  excessive  quantities  of  combustibles.  Fire  would 
spread  throughout  these  buildings  where  subdivision  was  lack¬ 
ing. 

Warehouses  typically  have  large  quantities  of  combusti¬ 
bles,  small  window  areas,  and  no  subdivision  of  floor  areas. 
Fire  would  spread  through  all  except  one  of  the  surveyed 
warehouse  buildings.  The  exception  was  a  warehouse  with 
sufficiently  small  quantities  of  combustibles  (appliances  in 
crates),  and  sufficiently  large  window  areas,  that  floor  open¬ 
ing  protection  was  adequate. 
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Manufacturers  and  publishers  have  little  subdivision  of 
floor  areas,  large  windows,  most  lacked  protection  of  floor 
openings,  and  there  was  a  wide  variation  in  quantities  of 
combustibles.  A  low  combustible  loading,  such  as  was  found 
in  a  cement  plant,  an  electronics  firm,  and  a  cannery,  would 
not  result  in  fire  spread  throughout  buildings  even  when  the 
protection  of  floor  openings  was  lacking.  A  moderate  combus¬ 
tible  loading  and  the  lack  of  floor  protection^ however,  would 
cause  the  involvement  of  the  whole  building.  It  was  also  de¬ 
termined  in  this  case  that  the  proper  protection  of  floor  open¬ 
ings  would  inhibit  the  spread  of  fire.  Publishers  have  the 
largest  combustible  quantities  so  that  even  with  very  good 
protection  of  floor  openings  (encountered  in  one  case),  fire 
might  not  be  limited  to  the  floor  of  origin. 

Fire  would  spread  through  mercantiles  in  all  cases,  as 
they  were  found  to  have  undivided  areas,  substantial  combus¬ 
tibles,  and  unprotected  floor  openings  (usually  escalators). 

Theaters  and  arena  buildings  were  found  to  have  moderate 
combustible  quantities,  but  fire  spread  would  occur  in  all 
cases.  This  was  the  consequence  of  very  little  window  access 
for  fire  ventilation  and  the  general  lack  of  opening  protec¬ 
tion. 

2.  Gas  Spread  Hazard 

The  problem  of  smoke  and  toxic  gases  was  not  considered 
in  buildings  in  which  fire  would  spread  beyond  the  floor  of 
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origin.  In  these  buildings,  the  extinguishment  of  fire  is  of 
primary  concern  which,  when  accomplished,  would  eliminate  the 
threat  from  smoke  and  toxic  gases. 

Parameters  minimizing  the  spread  of  smoke  and  toxic 
gases  are  reflected  by  the  following  four  conditions:  fire 
spread  limited  to  an  average  partitioned  area,  ventilation  suf¬ 
ficient  for  burning  rate  to  approach  fuel  surface  control, 
absence  of  minor  openings,  and  all  stair  and  elevator  shafts 
having  doors  at  each  level*  These  conditions  were  considered 
for  each  shelter  building  where  fire  would  not  involve  more 
than  one  floor  level.  Of  some  43  shelters  located  in  schools 
and  churches,  offices  and  banks,  and  residentials ,  18  met  all 
four  conditions,  11  met  three  conditions,  10  met  two  conditions, 
3  met  one  condition,  and  one  met  none.  Fourteen  other  build¬ 
ings  considered  included  telephone  exchanges,  garages,  a  ware¬ 
house,  manufacturers,  and  a  publishing  firm.  Three  of  these 
structures  met  three  conditions,  6  met  two  conditions,  and  3 
met  one  condition.  Two  not  having  combustible  nonshelter 
areas  were  considered  to  meet  all  four  conditions. 

3.  Frequency  of  Ignition  from  Nearby  Structures 

The  level  of  heat  radiation  reaching  the  shelter  build¬ 
ing  is  determined  by  the  size  and  construction  of  nearby  burn¬ 
ing  structures,  and  their  distance  from  the  shelter  building. 

For  convenience,  the  buildings  were  categorized  according  to 
their  location  in  the  city.  Individual  shelter  buildings  were 
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identified  as  located  within:  1)  the  central  portion  of  the 
principal  business  district,  2)  adjoining  nonresident ial  areas 
beyond  the  central  district,  or  3)  residential  areas  beyond 
the  central  district. 

The  incidence  of  ignition  of  shelter  building  by  nearby 
burning  structures  is  given  in  Table  IV.  It  shows  the  percentage 
of  buildings  in  each  location  for  which  two  or  more  nearby 
structures  must  be  burning  simultaneously  to  cause  the  ignition 
of  the  shelter  building.  The  high  percentage  of  shelter  build- 
ings  in  the  central  business  district  which  would  be  ignited 
only  by  multiple  ignition  sources  reflect  the  somewhat  opti¬ 
mistic  assumption  that  fire  resistive  buildings  all  burn  one 
floor  at  a  time.  The  number  of  sides  that  can  be  igniced  by 
nearby  structures  are  presented  to  give  some  indication  of  the 
magnitude  of  the  effort  required  for  ignition  prevention  or 
extinguishment. 

4.  Extinguishability  in  Surveyed  Buildings 

Extinguishment  by  means  of  portable  extinguishers  was 
considered  feasible  in  79  shelter  buildings.  Eleven  structures 
were  found  tc  have  concealed  combustible  spaces  in  their  con¬ 
struction  and  two  general  storage  warehouses  have  storage  with 
sufficient  bulk  that  access  is  greatly  limited.  Ten  buildings 
were  found  where  fire  would  rapidly  build-up  beyond  the  defined 
extinguishment  limits.  These  include  two  clothing  manufactur¬ 
ers,  a  hardware  wholesaler  with  a  large  packing  area,  an  up¬ 
holstering  firm,  and  a  paper  products  manufacturer. 
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TABLE  IV 

SHELTER  BUILDINGS  IGNITABLE  BY  NEARBY  BURNING  STRUCTURES 
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A  significant  number  of  the  shelter  buildings  surveyed 
have  either  substantially  complete  automatic  sprinkler  equipment 
or  standpipe  and  hose  systems,  supplied  in  most  cases  from  pub¬ 
lic  water  mains.  Of  the  23  buildings  not  considered  extinguish- 
able  by  portable  appliances,  12  are  equipped  with  at  least  one 
of  these  types  of  systems  and  two  also  have  a  self-contained 
supplementary  water  supply.  Included  among  these  are  the  five 
garages  where  explosion  or  health  hazards  due  to  hycrocarbon 
vapor3  would  not  be  eliminated  by  the  extinguishment  system. 

5.  Effect  of  Shelter  Supplies  on  Peacetime  Fire  Potential 
The  storage  of  supplies  in  shelter  buildings  was  found 
to  be  concentrated  in  either  -one  central  location  for  the  entire 
building  or  apportioned  on  each  floor  having  a  shelter  area. 

The  use  of  basement  storerooms  is  quite  common,  particularly  in 
buildings  of  multiple  tenancy.  In  warehouses  and  factories, 
the  supplies  are  frequently  found  in  the  open  alongside  of  stock. 

The  ignitability  of  these  supplies  is  equivalent  to  that 
of  heavy  cardboard  cartons  and  fiber  drums  in  normal  floor  to 
ceiling  stocking.  The  combustible  quantity  was  calculated,  from 
the  individual  supply  requirement,  to  be  1.7  pounds  per  person 
excluding  5.2  pounds  per  person  of  crackers  stored  in  tins. 

The  effect  on  the  total  average  fire  load  would  be  an  increase 
of  0.207  lb/ft^  inbasement  areas  and  0.17  lb/ft?  on  upper  floors. 
These  values  were  calculated  for  an  eight  foot  high  basement 
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with  the  shelter  volume  requirement  of  500  cubic  feet  of  space 
per  person,  and  for  upper  floor  shelters  providing  ten  square 
feet  of  floor  area  per  occupant. 

It  has  been  found  that  in  occupancies  without  bulk  stor¬ 
age,  high  concentrations  of  combustibles  must  cover  at  ieast 

2 

100  ft  floor  area  to  be  considered  as  constituting  a  signifi- 
cant  fire  loading v  ' .  Hence,  the  hazard  from  local  concentra¬ 
tions  of  shelter  supplies  can  be  considered  to  exist  only  where 

the  shelter  area  supplied  from  this  storage  location  is  quite 

2 

large.  With  shelter  stocks  piled  8  feet  high,  the  100  ft 
limit  for  local  storage  concentrations  is  exceeded  only  when 
below  ground  shelters are  greater  in  area  than  120,000  square 
feet,  and  above  ground,  greater  than  19,000  square  feet.  Thus, 
in  most  cases,  the  blocks  of  combustible  shelter  supplies  will 
be  automatically  limited  to  less  than  100  square  feet  when  the 
shelter  supplies  are  located  on  each  floor  having  a  shelter 
area. 

Therefore,  when  local  concentrations  of  shelter  stocks 
are  limited  in  area,  there  is  no  significant  contribution  to 
the  existing  combustible  fire  load. 

6.  Special  Problem  of  Parking  Garages 

Parking  garages,  especially  those  of  the  underground  type, 
offer  potentially  excellent  use  as  fallout  shelters  due  to 
their  construction,  large  floor  area,  and  absence  of  exterior 
wall  openings  which  might  be  exposed  to  the  thermal  pulse  or  to 
adjoining  burning  buildings.  However,  the  customary  presence 
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of  large  numbers  of  automobiles  within  these  types  of  buildings 
introduces  two  serious  problems. 

A  British  study^^  indicates  that  the  maximum  human  tol¬ 
erance  to  gasoline  vapors  is  0.007  gram  per  liter  (1500  ppm). 
Patty indicates  that  a  200  ppm  concentration  will  cause 
dizziness  and  anesthesia  after  one  hour.  He  also  indicates  that 
500  ppm  is  the  threshold  for  toxic  reactions  to  gasoline  in 
long  time  exposures.  The  use  of  a  parking  garage  for  shelter 
purposes  will  certainly  necessitate  the  provision  of  adequate 
mechanical  ventilation  facilities  with  a  reliable  secondary 
means  of  power  contained  within  the  building. 

From  a  fire-hazard  standpoint,  the  combustible  fire  load 
of  a  parking  garage  is  comparatively  low,  approximately  2-4 
lbs/ft  .  Nevertheless,  the  fire  hazard  and  spread  potential 
resulting  from  the  presence  of  numerous  small  tanks  of  gasoline 
coupled  with  the  existence  of  open  ramps  throughout  the  build¬ 
ing  make  it  imperative  that  extreme  care  be  taken  to  avoid  the 
possibility  of  any  ignitions  taking  place  during  shelter  occu¬ 
pancy.  Fortunately,  most  parking  garages  are  fully  sprinkled, 
as  was  verified  in  the  cases  of  the  five  garage  occupancies  in¬ 
volved  in  the  shelter  survey  program.  Where  utilized  for  shel¬ 
ter  purposes,  a  secondary  self-contained  water  supply  should  be 
provided  to  increase  the  reliability  of  the  sprinkler  system 
under  emergency  conditions.  Also,  an  adequate  number  of  dry 
chemical  type  portable  extinguishers  should  be  provided  in 

addition  to  conventional  water  pump  types  foi  use  by  shelter 

fire  fighting  personnel. 
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IV. 


CONCLUSIONS 


A.  Characteristics  of  Fallout  Shelter  Buildings 

Based  on  information  gathered  from  102  buildings  select¬ 
ed  as  representative  of  those  available  in  the  24  cities  ini¬ 
tially  having  stocked  fallout  shelter  buildings,  the  following 
conditions  are  considered  characteristic: 

1.  Fire  resistive  construction  will  be  prevalent,  although 
some  unprotected  steel  and  masonry  wood  joist  structures  may  be 
found.  Principal  floor  openings  will  generally  be  enclosed, 
but  enclosures  may  be  lacking  in  some  localities. 

2.  The  normal  occupancies  of  most  shelter  buildings  will 
consist  of  those  types  generally  found  in  commercial  and  public 
buildings . 

3.  Significant  numbers  of  portable  extinguishers  are  to 
be  found  in  a  majority  of  buildings.  Standpipe  and  hose  in¬ 
stallations  are  less  often  available.  Automatic  sprinkler 
systems  are  found  for  the  most  part  only  in  particular  types 
of  occupancies. 

4.  Generally,  fewer  shelter  areas  will  be  found  above¬ 
ground  than  below  ground.  However,  the  majority  of  the  shelter 

population  will  be  in  above-ground  shelters. 

B.  Fire  Vulnerability  of  Shelter  Buildings 

Analysis  of  survey  shelter  buildings  revealed  varying  de¬ 
grees  of  vulnerability  in  one  or  more  of  the  following  five 
fire-safety  aspects: 
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1.  Fire  would  be  contained  within  the  floor  of  origin 
in  fire  resistive  structures  in  several  occupancy  groupings. 
Schools,  churches,  offices,  banks,  residential,  and  telephone 
exchanges  would  resist  fire  spread  either  when  a  good  degree 
of  subdivision  exists  within  each  floor,  or  when  all  floor  to 
floor  openings  are  protected.  Manufacturing  buildings  with 
low  combustible  loading  (1-3  pounds  per  square  foot),  and  those 
with  moderate  loading  having  protected  floor  openings  would 
also  resist  the  spread  of  fire. 

2.  Weil-subdivided  structures  capable  of  preventing  fire 
spread  away  from  the  floor  of  origin  would  require  only  min¬ 
imum  efforts  by  occupants  to  prevent  smoke  and  toxic  gases 
from  reaching  dangerous  levels.  When  such  structural  charac¬ 
teristics  are  lacking,  special  equipment  and  materials  must  be 
employed  by  occupants  to  effectively  minimize  the  spread  of 
smoke  and  toxic  gases. 

3.  Approximately  two- thirds  of  the  surveyed  buildings  in 
"downtown"  areas  and  one-third  of  those  in  exclusively  resi¬ 
dential  areas  were  exposed  to  ignition  from  nearby  burning 
structures.  Approximately  one-half  of  all  buildings  exposed 
to  ignition  from  adjacent  buildings  could  be  exposed  on  more 
than  one  side. 

4.  With  few  exceptions,  fire  suppression  by  shelter 
occupants  could  be  effectively  accomplished  with  sufficient 
portable  extinguishers.  Properly  supplied  standpipe  and  hose 
or  automatic  sprinkler  systems  will  control  fire  in  those 

MT  RESEARCH  INSTITOri 


31 


exceptional  occupancies  where  rapid  fire  buildup  is  character¬ 
istic,  or  where  access  to  combustibles  is  prevented  by  con¬ 
siderable  bulk  storage  or  concealed  combustible  building  con¬ 
struction. 

5.  The  contribution  of  shelter  stock  to  the  peacetime 
fire  severity  of  shelter  buildings  is  significant  only  when 
storage  of  the  combustible  portion  of  these  supplies  exceeds 
100  square  feet  of  floor  area  and  when  the  normal- occupancy 
fire  loading  is  relatively  light.  Such  conditions  occur  when 
stocks  for  large  shelter  areas  located  on  several  above-ground 
floors  are  stored,  in  one  location.  In  most  cases,  combustible 
shelter  supplies  will  occupy  less  than  100  square  feet  when  the 
shelter  area  and  its  supplies  are  located  on  the  same  floor. 

V.  OPERATIONAL  GUIDANCE  FOR  SHELTER  SELECTION  AND  UPGRADING 
A.  Levels  of  Fire  Vulnerability 

The  criteria  for  the  selection  of  new  fallout  shelter 
buildings  and  the  upgrading  of  existing  facilities  should  include 
the  relative  degree  of  fire  vulnerability,  as  well  as  the  ability 
to  protect  against  fallout.  It  was  shown  in  previous  analyses 
that  an  ignition  in  the  shelter  building  could  be  satisfactorily 
controlled  through  containment  of  fire  in  a  portion  of  the 
building  by  means  of  structural  fire  resistance  or  through 
rapid  discovery  and  extinguishment  by  shelter  occupants. 
Preference  should  be  given  to  buildings  with  fire  containment 
structural  characteristics  as  the  safety  of  fallout  shelters  in 
these  structures  is  less  dependent  upon  the  activity  of 
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occupants.  However,  reliance  on  fire  extinguishment  will 
give  favorable  results  when  occupants  are  adequately  organized, 
equipped,  and  trained  for  fire  fighting  and  where  these  acti¬ 
vities  are  not  curtailed  by  nuclear  radiation.  The  order  of 
preference  is  given  below  using  shelter  building  categories 
developed  in  the  previous  analyses. 

la)  Fire  Limiting  -  No  combustibles  outside  shelter 
areas . 

lb)  Fire  Limiting  -  Fire  gases  controllable  without 
special  means. 

lc)  Fire  Limiting  -  Fire  gasen  controlled  with  special 
means . 

2  )  Suppression  Dependent. 

3a)  Untenable  -  Fire  not  controllable  with  portable 
extinguishers. 

3b)  Untenable  -  Problem  other  than  extinguishment. 

1.  Fire  Limiting 

Fire  limiting  buildings  are  those  in  which  fully  devel¬ 
oped  fires  orginating  outside  shelter  floors  will  not  progress 
to  these  floors.  The  analysis  indicates  that  shelter  buildings 
resisting  the  spread  of  direct  fires  would  mainly  include  those 
used  as  schools,  churches,  offices,  banks,  residential  types, 
telephone  exchanges,  and  manufacturers  with  low  combustible 
contents  loading.  A  method  (or  selection  of  fire  limiting 
buildings  is  presented  in  Appendix  C. 
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As  the  resistance  to  direct  spread  of  fire  does  not  pre¬ 
clude  possible  spread  of  smoke  and  toxic  gases,  this  character¬ 
istic  of  Fire  Limiting  buildings  must  be  determined  separately. 

2.  Suppression  Dependent 

This  intermediate  fire  vulnerability  level  denotes  those 
instances  where  fire  spread  cannot  be  adequately  resisted  by 
the  building  members,  but  it  is  possible  to  extinguish  all  in¬ 
cipient  fires  using  portable  extinguishers.  This  level  in¬ 
cludes  all  buildings  not  specifically  falling  in  either  of  the 
other  two  categories. 

3.  Untenable 

This  fire  vulnerability  level  consists  of  buildings  where 
extinguishment  of  fire  using  portable  equipment  is  considered 
unfeasible  due  to  excessively  rapid  fire  buildup,  or  concealed 
or  inaccessible  combustibles.  Identification  of' buildings  hav¬ 
ing  these  characteristics  can  be  made  from  the  following  illus¬ 
trative  situations* 

a)  Buildings  where  explosive  vapors  or  dusts  may 
present  such  as  automobile  garages  and  certain  types  of  indus¬ 
trial  occupancies. 

b)  Buildings  with  significant  accumulations  of  wood 
scraps,  paper,  and  textiles. 

c)  Buildings  having  contents  storage  such  that  combus¬ 
tible  stock  piles  are  high  and/or  with  the  absence  of  adequa  c 
aisle  space  between  adjacent  piles. 
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d)  All  buildings  of  masonry  and  wood  joist  constructions, 
as  in  these  structures  concealed  and  inaccessible  combustible 
spaces  predominate. 

B.  Acceptability  Criteria 

The  following  factors  should  be  considered  in  evaluating 
the  potential  acceptability  9f  a  building  for  fallout  shelter 
use: 

1)  Buildings  of  all  fire  vulnerability  levels  must  be 

free  from  severe  exposure  to  ignition  from  nearby  structures. 

As  a  guide  to  such  determinations,  the  method  of  calculating 

(12} 

building  separations  by  Margaret  Lawv  '  can  be  used. 

2)  Buildings  of  all  vulnerability  levels  should  be  pro¬ 
tected  from  ignition  by  the  thermal  pulse  of  the  nuclear  weapon 
insofar  as  possible. 

3)  Buildings  of  all  vulnerability  levels  should  be  pro¬ 
vided  with  adequate  portable  fire  extinguishing  equipment. 

4)  Special  facilities  should  be  provided  for  controlling 
fire  gases  in  Fire  Limiting  buildings  where  this  need  has  been 
determined. 

5)  Access  within  Suppression  Dependent  buildings  should 
not  have  to  be  limited  (by  nuclear  radiation)  to  intervals  so 
short  that  fire  discovery  and  extinguishment  efforts  will  be 
curtailed.  A  minimum  shielding  value,  possible  a  protection 
factor  of  at  least  100,  should  be  selected  as  a  criteria. 

6)  Untenable  shelter  buildings  should  be  provided  with 
adequate  and  properly  supplied  fixed  extinguishment  systems. 
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7)  Untenable  buildings  where  toxic  and  flammable  vapors 
are  found,  principally  automobile  parking  garages,  should  be 
supplied  with  reliably-powered  mechanical  ventilation  equip¬ 
ment  . 

C.  Upgrading  Shelter  Buildings 

1.  Reducing  Spread  of  Smoke  and  Toxic  Gases 

The  extent  to  which  smoke  and  toxic  gases  can  spread 
through  a  building,  as  has  previously  been  indicated,  is  de¬ 
pendent  in  part  on  its  interior  configuration,  the  degree  to 
which  it  is  subdivided  by  partitions  and  doors,  and  the  extent 
to  which  its  various  floor  openings  are  protected.  Therefore, 
it  is  possible  to  reduce  this  hazard  through  structural  altera¬ 
tions,  especially  in  those  portions  adjacent  to  shelter  areas. 

In  any  case,  shelter  areas  themselves  must  be  sealed  off 
from  the  remainder  of  the  building  in  a  manner  sufficient  to 
exclude  smoke  and  toxic  gases.  This  will  necessitate  the 
grouting  of  any  wall  or  floor  openings  around  ducts  or  piping 
which  pass  through  the  shelter  area  and  the  sealing  of  any 
cracks  or  openings  around  doors  leading  into  the  shelter  area 
after  it  has  been  occupied.  In  addition,  provisions  should  be 
made  to  seal  all  supply  or  exhaust  openings  in  air  ducts  with¬ 
in  the  shelter  area  if  the  need  arises. 

2.  Reducing  Fire  Spread 

It  is  not  expected  that  all  shelter  buildings  classed  as 
Suppression  Dependent  can  reasonably  be  upgraded  to  a  better 
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classification  because  of  operational  space  and  traffic  needs 
inherent  in  certain  types  of  occupancies. 

Improvement  of  interior  barriers  to  fire  in  buildings 
selected  as  shelters  would  most  often  take  the  form  of  strength¬ 
ening  doorways.  For  example,  in  the  five  deficient  buildings 
indicated  in  the  first  four  occupancy  groupings  in  Table  III, 
the  provision  of  doors  to  protect  stairwell  openings  would  en¬ 
able  these  buildings  to  qualify  as  Fire  Limiting. 

A  structure  having  deficient  ventilation  may  be  improved 
by  providing  automatic  fire  vents  at  the  top  of  stairwell  and 
elevator  shafts. 

To  aid  in  making  judgments  as  to  necessary  minimum  im¬ 
provements,  a  numerical  system  for  the  assessment  of  shelter 
fire  spread,  presented  as  Appendix  C,  is  recommended.  This  is 
an  empirical  method  developed  for  identifying  buildings  which 
should  class  as  Fire  Limiting. 

3.  Protection  against  External  Fire  Exposure 

Means  for  shielding  exterior  windows  against  the  penetra¬ 
tion  of  radiant  heat  energy  should  be  provided  both  for  pro¬ 
tection  from  nuclear  weapons  and  nearby  burning  structures. 

Such  protection  is  necessary  for  all  shelter  buildings,  but 
is  especially  important  in  Suppression  Dependent  buildings 
where  numerous  ignitions  would  become  impossible  to  extinguish. 
The  protection  from  nearby  buildings  can  be  limited  to  walls 
facing  such  buildings,  while  protection  from  the  thermal  pulse 
will  be  necessary  for  all  windows  from  which  the  sky  can 
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readily  be  observed.  The  window  shielding  may  take  the  form 
of  either  a  pre-installed  device  such  as  a  reflective  screen 
or  as  a  coating  applied  in  the  emergency  or  a  combination  of 
both.  A  more  substantial  means,  such  as  outside  sprinkler 
protection,  may  be  needed  where  exposure  from  nearby  buildings 
is  severe. 

4.  Portable  Fire  Extinguishers 

Current  NFPA  standards recommend  one  2-1/2  gallon 
water  type  extinguisher  (or  equivalent)  for  each  2500  square 
feet  floor  area  in  normal  hazard  occupancies,  for  fires  in 
ordinary  combustible  materials  such  as  wood,  cloth,  paper,  etc. 
In  light  hazard  occupancies,  i.e.,  office  buildings,  schools, 
etc.,  the  allowable  floor  area  is  doubled.  The  five-gallon 
stirrup  pump  extinguisher,  considered  equivalent  to  two  of  the 
above  extinguishers,  has  been  found  to  be  the  most  satisfactory 
type.  The  requirements  for  portable"extinguishabilityM  as 

set  forth  in  Section  III  A4  of  reference  14  are  as  follows: 

Each  occupied  shelter  area  should  be  provided  with  a  minimum 
of  four  5 -gallon  stirrup  pump  extinguishers  plus  one  additional 
for  each  1250  square  feet  of  shelter  area  in  excess  of  5000 
square  feet.  Nonshelter  areas  of  Suppression  Dependent  build¬ 
ings  should  be  provided  with  one  stirrup  pump  extinguisher  for 
each  2500  square  feet  of  floor  area  and  nonshelter  areas  of 
Fire  Limiting  buildings  should  be  provided  with  one  for  each 
5000  square  feet.  In  nonshelter  areas,  existing  2  1/2-gallon 
Class  A  extinguishers  installed  for  normal  use  may  be  accepted 
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In  lieu  of  stirrup  pumps  on  a  two  for  one  basis.  The  above 
requirements  may  be  halved  in  "light  hazard"  occupancies.  The 
survey  indicated  that,  in  most  buildings,  special  extinguishers 
are  already  installed  where  needed  for  flammable  liquid  or 
electrical  fire  hazards  (Class  B  or  C  Fires). 

5.  Fixed  Extinguishment  Systems 

Standpipe  and  hose  and  automatic  sprinkler  systems  with 
adequate  and  reliable  water  supplies  can  be  installed  in  shel¬ 
ter  buildings  which  would  otherwise  be  classed  as  untenable 
due  to  large  contents  bulk  or  rapid  fire  build-up.  Sprinkler 
systems  also  have  the  advantage  of  functioning  in  areas  where 
access  by  personnel  is  limited  by  fallout. 

Present  NFP A  standards  for  standpipe  and  hose  systems 
(15) 

for  occupants  usev  '  provide  that  not  over  75  foot  lengths  of 
1-1/2"  hose  be  used  at  each  hose  station  and  that  they  be 
spotted  so  as  to  reach  to  within  20  feet  of  every  point  in  the 
building. 

Where  it  is  determined  that  a  public  water  system  would 
not  provide  a  reliable  fire  protection  supply  for  sprinkler 
or  standpipe  and  hose  systems  under  attack  conditions,  a  pri¬ 
vate  self-contained  supply  in  the  form  of  a  pressure  tank  or 
some  equivalent  means  should  be  provided  within  the  shelter 
building. 
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VI.  FALLOUT  SHELTER  BUILDING  CODE  CRITERIA 

This  discussion  is  intended  to  cover  only  those  build¬ 
ing  code  features  relating  to  fire  safety.  Considerations  such 
as  sanitation,  ventilation,  portable  water  supplies,  and  radia¬ 
tion  shielding  will  be  treated  to  the  extent  that  they  in¬ 
fluence  the  fire  hazard  characteristics  of  the  building.  Also, 
shelter  equipment,  such  as  emergency  power  supplies  and  oxygen 
regenerators,  has  not  been  included  within  the  scope  of  this 
discussion.  Nevertheless,  it  is  assumed  that  the  design  and 
installation  of  these  special  devices  will  include  strict 
limitations  upon  hazardous  features.  Although  specific  code 
provisions  are  set  forth  in  some  instances,  this  discussion  is 
primarily  intended  to  provide  background  material  for  use  in 
development  of  specific  building  code  provisions. 

A.  Basic  Requirements 

The  effects  of  a  nuclear  attack  on  buildings  constructed 
under  peacetime  fire  safety  requirements  was  explored  in  the 
analysis  of  fallout  shelter  buildings.  Under  conditions  of 
nuclear  fallout,  buildings  suffering  little  blast  damage  must 
nevertheless  be  capable  of  withstanding  fire  and  fire  exposure 
to  the  extent  that  occupants  can  remain  in  protected  portions 
of  the  building  without  outside  aid  from  professional  fire 
fighters.  The  only  manner  in  which  fire  safety  conditions  can 
be  provided  for  fallout  shelters  under  nuclear  attack  is  through 
adequately  meeting  all  of  the  following  considerations: 

1 1 T  RESEARCH  INSTITUTE 


40 


1.  Self-help  fire  fighting  measures  on  the  part  of 
occupants  will  be  necessary  and  must  be  aided  through 

a)  restrict  :  .s  on  combustible  interior  finish, 

b)  restrictions  on  combustible  contents,  and 

c)  provision  of  extinguishment  facilities. 

2.  Structural  fire  resistance  must  be  sufficient  to 
resist  the  spread  of  fire,  smoke,  and  toxic  gases  for 
the  total  length  of  fire  duration. 

3.  Adjacent  buildings  should  be  separated  by  sufficient 
clear  space  that,  commensurate  with  window  shielding, 
ignitions  of  shelter  structures  caused  by  fire  in  these 
buildings  can  be  prevented  or  easily  suppressed. 

4.  Some  means  of  shielding  should  be  provided  for  ex¬ 
terior  windows  which  will  minimize  the  potential  igni¬ 
tion  of  interior  contents  from  the  thermal  pulse  of  a 
nuclear  weapon. 

5.  Adequate  means  of  ingress  must  be  provided  within 
shelter  buildings  so  as  to  permit  rapid  initial  access 
to  each  shelter  area.  In  addition,  consideration  must 
be  given  to  the  need  for  shelter  occupants  to  have  a 
safe  means  of  access  to  other  parts  of  the  shelter 
building  when  internal  fire  fighting  efforts  become 


necessary. 

B.  Method  of  Code  Application 

The  development  of  specific  code  criteria  for  shelter 
buildings  should  r.ake  into  account  the  difficult  problems 
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which  can  arise  in  attempting  to  regulate  exist: (pre¬ 
ordinance)  buildings  and  the  need  not  to  discourage  property 
owners  from  utilizing  their  buildings  for  shelter  purposes. 
Therefore  the  following  distinction  should  be  made  for  pur¬ 
poses  of  establishing  requirements:  1)  existing  buildings  hav¬ 
ing  secondary  use  as  shelters,  and  2)  new  buildings  having 
secondary  use  as  shelters. 

Requirements  for  existing  buildings  should  represent 
the  minimum  standards  necessary  for  acceptance  for  shelter 
use  and  should  allow  buildings  of  both  Fire  Limiting  and 
Suppression  Dependent  levels  of  fire  vulnerability. 

The  application  of  code  requirements  to  new  buildings, 
which  will  have  some  secondary  shelter  use,  should  permit  the 
use  only  of  buildings  classifying  as  Fire  Limiting. 

It  is  assumed  that  the  design  of  new  buildings  intended 
primarily  for  use  as  shelters  will  encompass  blast  resistance 
and  other  protective  features  considerably  in  excess  of  those 
feasible  in  buildings  having  only  secondary  shelter  use  and 
therefore  this  category  has  been  omitted  from  the  scope  of 
this  discussion. 

C.  Specific  Code  Provisions 

Table  V  outlines  the  various  fire  safety  design  features 
which  should  be  regulated  by  means  of  building  code  requirements 
in  order  to  insure  the  safety  of  shelter  occupants  during  their 
necessary  period  of  confinement. 

D.  Recommendation 

Specific  building  code  provisions  for  fire  safety  of 
fallout  shelters  should  be  developed  from  the  material  in  Table  V. 
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TABLE  V 

RECOMMENDED  BUILDING  CODE  PROVISIONS  FOR  SHELTER  BUILDINGS 
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RECOMMENDED  BUILDING  CODE  PROVISIONS  FOR  SHELTER  BUILDINGS 
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RECOMMENDED  BUILDING  CODE  PROVISIONS  FOR  SHELTER  BUILDINGS 
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NOTES: 


1.  An  existing  building  having  structural  components  of 
less  than  2  hours  fire  resistance  may  be  accepted  if, 

in  the  opinion  of  the  enforcing  authority,  its  occupancy, 
interior  configuration,  etc.,  is  such  as  to  enable  it  to 
be  classed  as  Suppression  Dependent. . 

2.  Where  the  anticipated  combustible  fire  load  of  a  build- 

2 

ing  is  less  than  10  Ibs/ft  ,  the  required  fire  resistance 
for  primary  floor  and  roof  supports  and  vertical  open¬ 
ing  protective  assemblies  may  be  reduced  to  2  hours  and 
1  hour  respectively. 

3.  Flame  spread  ratings  are  based  on  the  A.S.T.M.  E-84 
Tunnel  Test  method. 

4.  Capacity  of  ingress  facilities  is  based  upon  half  of  the 
egress  facilities  normally  required  for  an  assembly  type 
occupancy  by  the  N.F.P.A.  Building  Exits  Code  and 
ideally  permits  the  last  person  to  reach  the  shelter 
area  3-1/2  minutes  after  the  first  person  passes  through 
a  shelter  area  doorway.  Although  facilities  would  be 
considered  inadequate  from  a  peacetime  egress  standpoint, 
it  must  be  recognized  that  "emergency"  egress  under  post- 
attack  conditions  would  probably  be  pre-planned  and 
carefully  controlled.  In  addition,  the  application  of 
normal  exit  capacity  requirements  to  most  shelter  ingress 
situations  would  produce  prohibitive  requirements  in  all 
except  shelter  buildings  having  a  peacetime  assembly 
occupancy. 
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VII.  FUTURE  STUDY 


A.  Shielding  Windows  against  Radiant  Ignition 

In  an  attack  situation,  fallout  shelter  buildings  are 
subject  to  two  potential  outside  sources  of  ignition.  The 
first  is  direct  ignition  by  the  thermal  pulse.  The  second  is 
ignition  by  burning  adjacent  structures.  Secondary  ignitions 
resulting  from  weapon  blast  damage  can  be  ignored  as  the  over¬ 
pressure  levels  required  would  also  render  such  buildings  un¬ 
fit  for  fall-out  protection.  Therefore,  a  considerable 
reduction  in  shelter  building  ignitions  can  be  accomplished  by 
limiting  the  radiant  heat  energy  which  may  penetrate  into  the 
building. 

Recommendation:  The  effect  of  various  possible  types  of 
window  coverings  and  coatings  should  be  investigated  to  deter¬ 
mine  their  ability  to  resist  both  kinds  of  radiating  sources. 
Relative  costs,  availability  an*-',  ease  of  application  should  be 
considered  in  selecting  materials. 

B.  Implementation  of  Shelter  Building  Selection  Criteria 

This  report  has  made  definite  proposals  concerning  the 

selection  techniques  which  should  be  used  in  choosing  and  up¬ 
grading  potentially  fire-safe  buildings  for  fallout  shelter 
use . 

Recommendation:  A  small  city  requiring  approximately 
one  hundred  shelter  buildings  should  be  surveyed  to  determine 
the  degree  with  which  potentially  fire-safe  shelter  buildings 

v 
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can  be  located,  the  relative  amount  of  up-grading  which  must 
be  performed,  the  degree  of  acceptance  by  property  owners, 
costs  involved,  etc. 

C.  Generation  and  Spread  of  Smoke  and  Fire  Gases  within 

Shelter  Buildings 

This  report  has  discussed  various  structural  features 
which  bear  on  the  problem  of  limiting  the  spread  of  smoke  and 
fire  gases  within  shelter  buildings.  However,  presently  avail¬ 
able  information  on  this  subject  is  not  adequate  to  accurately 
predict  the  quantities  of  smoke  and  gases  generated,  the  degree 
of  penetration  of  various  combustion  products  throughout  build¬ 
ings,  the  performance  of  conventional  structural  barriers  in 
restricting  smoke  and  gas  flow  over  extended  periods ,  and  the 
effects  of  variables  such  as  ventilation,  building  configura¬ 
tion  and  type  of  combustibles. 

Recommendation:  Experimental  studies  should  be  conducted 
for  the  purpose  of  developing  realistic  fire  safety  criteria 
for  shelter  building  design. 
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APPENDIX  A 


SAMPLE  SURVEY  -  DEPARTMENT  STORE 
The  following  eleven  pages  are  presented  as  representa¬ 
tive  of  the  information  sought  and  obtained  from  the  shelter 
surveys.  They  include  a  summary,  information  and  diagrams  of 
the  general  building  characteristics,  both  above  ground  and 
below  ground  shelter  areas,  and  features  of  che  surrounding 
areas.  Excluded  were  pages  pertaining  to  other  shelter  areas 
and  photographs  taken  in  and  around  the  shelter  building. 
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III.  PLAN  VIEW  OF  STREET  FLOOR  (Use  reverse  side). 
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APPENDIX  B 


DATA  SUMMARY  AND  CALCULATIONS  FOR  SAMPLE  SURVEY 


The  following  pages  present  the  data  summary  and  calcu¬ 
lations  performed!  on  the  building  described  in  Appendix  A. 
Pages  B-2  and  B-3  are  concerned  with  the  basement.  Pages 
B-4  and  B-5  are  typical  of  any  floor  from  the  second  through 
the  seventh.  The  following  symbols  appear  on  the  forms: 


H 

L 

L 

R 

R 


w 

c 

s 


R 


V 

rv 


2 

exposed  area  of  combustible  surfaces,  ft 

2 

floor  area,  ft 


A  /A* 
s  f 

2 

area  of  openings  supplying  ventilation,  ft 

height  of  openings  supplying  ventilation,  ft 

sum  of  widths  of  openings  supplying  ventila¬ 
tion,  ft 

length  of  perimeter  cracks  around  doors,  etc.,  ft 

burning  rate  based  on  fuel  surface  area, 
lb /min 

burning  rate  based  on  ventilation,  lb/min 

burning  rate  for  very  restricted  ventilation, 
lb/min 
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DATA  SUMMARY 


Floor:  3 /9  3  b  IV) ^  N  / 

Building:  ANYTOv*-  V  DE  PE)  K  TME/V  T  S  To  EE 

GENERAL  INFORMATION 

General  Class:  30  E Pf) RT mb // P  E V OPE 

Sub  -Usages;  Storage.  lockers.  ,  woOK/j/vOr.  FAN  Room  ,  C  f)RPEN  Tti< 

SHOP 

Total  Floor  Area(ft)  30,  720 _ 

Avg.  Ratio  Combustible  Surface  to  Floor  Area(lb/ft^)  4^ _ 

Avg.  Weight  Combustibles  per  Floor  Area(lb)  _ /S~ _ 

Window  He  igh  t  (  f  t )  MORE  Outside  Floor  Height  (ft)  /VOA/E 
Percentage  Outside  Window  Openings: 

Front  O  Rear  O  Right  O  Left  O 

Portable  Extinguishers  */  soda  ~  nr / z> .  2  pry-  chem. _ 

Fire  Hose  Coverage  mo/ vE _ 

Automatic  Sprinkler  Coverage  /OO  % _ 

Fire  Protection  Water  Supply  C/rY _ 


SUBDIVISION  RATINGS 


\ 

No.  Openings 

Corridor 

Least 

/Shafts 

Direct 

Fire 

Size 

Rating 

(ft) 

Material 

(min) 

Avg  Partition  Area 

io  x  ^0 

Concrete 

— 

— 

// E 

Partition  Doors 

3x7 

Mz  r>~)  l 

<9 

// 

lT6> 

Floor  Construction 

/7/x237 

Co  Re  VC  7  L 

— 

— 

//  k 

Staircase/.,/..  ..  r-  s 

3X7 

Mz  VYL/iy'iE  7'f)L 

Z  /  3 

S'  /  0 

5(*/s~o 

Elevator,  P» syrt(£/&/f7. 

«<-'  r/>M  tml 

3  /  y 

0/0 

Other  Floor  Openings 

DU cro) 

McT/)L  OfM'rCKL 

— 

All 

Sk 
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COMPUTATION  SHEET 


Floor:  13  Pi  3  £  /y'J  —  /V  7 


Building:  ANYTOWN  V£iJf-)f<TM6.N  /  S  /  O/Yt 


PREDICTED  FLASHOVER  SEQUENCE 


R  1 

— 

BH 

m 

Ri 

r3/2 

R** 

V 

(lbs/min) 

N.f). 

1st 

IO  K  /  2 

/2.0 

P3-8 

Btm 

msBm 

2nd 

20  *2* 

480 

/72  e> 

3rd 

80  xV8 

/9ZO 

4  th 

80x<iO 

7800 

2C.OO 

5  th 

6  th 

*R  =  0.09  A  =  0.09  S  A.  **R  =  0.678  A  H1^2  =  0.678  L  H3^2 

s  s  r  r  v  w  w 

-  0.0/0  3  Lc 

PEAK  FIRE  DURATION 


Peak  Fire  Duration  * 
Avg.  Partitioned  Area: 
Entire  Floor  Area: 


(Area) (Combustibles/Area) 
(Minimum  Burning  Rate) 

(0. 5) (  7 Zoo  ft2) (/S' lbs/ft2) 
/  (  lbs/min) 


=  26,200  min 


(0.5)  ( 


ft2)^  lbs/ft2) 
lbs/min) 


min 


RESISTANCE  OF  FIRE  BARRIER  (/v.ft.) 

Resistance  =  Rating  +  Additional  Build-up  +  Secondary  Barriers 

Avg.  Partitioned  Area:  _ (R)  + _ (BU)  +  _ (SB)  81  —  min 

Entire  Floor  Area:  _ (R)  +  _ (BU)  +  _ (SB)  *  —  min 


SPREAD  POTENTIAL  ( M  A) 

Spread  Potential  -  Peak  Fire  Duration  -  Resis tance(based  on  last 
flashover) 

Average  Partitioned  Area:  _ (PFD)  -  _ (Res)  *  —  min 

Entire  Floor  Area:  _ (PFD)  _ (Res)  -  - — •  min 
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DATA  SUMMARY 


Floor:  SECOND  Thpclgi-i  sevente 
Building:  My  to  wn  Vt  h/)  R  r  a  .■  ■-  /./  r  sto  re 

GENERAL  INFORMATION 

General  Class:  7>£  pprt  ment  s ~c /■  E _ 

Sub-Usages:  5pl.es  pReE) _ 

Total  Floor  Area(ft)^  L/2,E00 _ 

Avg.  Ratio  Combustible  Surface  to  Floor  Area(lb/ft^) 

Avg.  Weight  Combustibles  per  Floor  Area(lb)  /S _ 

Window  Height  (ft) _ 7 _  Outside  Floor  Height  (ft)___/2 

Percentage  Outside  Window  Openings: 

Front  30  Rear  0  Right  30  Left  30 _ 

Portable  Extinguishers  S'  EODA-RC  fp _ 

Fire  Hose  Coverage  NONE _ 

Automatic  Sprinkler  Coverage  / OO  % _ _ 

Fire  Protection  Water  Supply  C/tY _ 


SUBDIVISION  RATINGS 


No.  Openings 

Size 

(ft) 

Material 

Corridor 

/Shafts 

Direct 

Least 

Fire 

Rating 

(min) 

Avg.  Partition  Area 

CONC  RE  T£ 

— 

— 

/  /  6 

Partition  Doors 

MORE 

— 

— 

Floor  Construction 

C  ON CRETE 

— 

- 

Staircase 

£  ?-L At  Of c 

Elevator,  mss/^c  i:Hr 
Other  Floor  Openings 

(  CnuTt  ) 

jU7 

(><20 

ME  Tf\  L 

ORerN 

M*r«*SM€TAL 

METAL 

r* 

0 

,0/3 

/ 

/ 

/ 

°/o 

c 

St 

H 

E6 
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COMPUTATION  SHEET 


Floor:  second  through  sevea/th 
Building:  F\nytown  JO£Pf)RTME nt~  STORE 


PREDICTED  FLASHOVER  SEQUENCE 


— 

Time 

(min) 

Flash- 

over 

Size 

.(ft) 

Area 

(ft2) 

1 

h3/2 

■ 

■HD 

20 

1st 

/O  <  /2. 

12.0 

93-2 

6  -  6 

/#.5 

83 

10 

2nd 

20x29 

980 

/ 72 .  6 

73.2 

/8.s 

766 

to 

3rd 

90x90 

/920 

69/2 

26.9 

/8.5 

332 

10 

4  th 

80x96 

7660 

1765 

526 

/g.S 

669 

mm 

860 

157 

/8.S 

/5 /& 

6th 

L 

*R  =  0.09  A  -  0.09  S  A,  **R  *  0.678  At H1/2  =  0.678  L  H3/2 
s  s  r  x  v  w  w 


PEAK  FIRE  DURATION 


Peak  Fire  Duration  = 


0.5  (Area) (Combustibles/Area) 
(Minimum  Burning  Rate) 


Avg.  Partitioned  Area: 


ft2)(  lbs/ft2) 
IWmin)  - 


Entire  Floor  Area: 


(0.5 )  (33,  ooo  ft2)(  ATlbs/ft2) 
(/5/^  lbs /min) - 


min 


/  (/>  9  min 


RESISTANCE  OF  FIRE  BARRIER 

Resistance  =  Rating  +  Additional  Build-up  +  Secondary  Barriers 

Avg.  Partitioned  Area:  _ (R)  +  _ (BU)  +  _ (SB)  ■  —  min 

Entire  Floor  Area:  5~  (R)  +  / O  ( BU )  +  Q  (SB)  *  /S  mir. 

SPREAD  POTENTIAL 

Spread  Potential  *  Peak  Fire  Duration  -  Resistance(bused  on  last 
flashover) 

Average  Partitioned  Area:  _ (PFD)  -  _ (Res)  ■  • —  min 

Entire  Floor  Area:  /69  (PFD)  -  /S  (Res)  ■  /V9  min 
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APPENDIX  C 


METHOD  FOR  ASSESSING  FIRE  VULNERABILITY 
1.  General 

This  system  was  developed  to  aid  judgments  of  fire  vul¬ 
nerability  in  the  selection  of  fallout  shelter  buildings. 
Specifically  it  indicates  whether  these  buildings  aj.o  "fire 
limiting,"  i.e.,  whether  fire  will  spread  beyond  the  floor 
where  ignition  takes  place.  This  assessment  is  based  on  in¬ 
terior  fire  spread  potential  calculated  by  analytical  means  for 
102  structures.  It  was  developed  by  a  trial  and  error  method 
to  give  the  same  fire  spread  results  as  those  calculated  and 
treats  the  same  three  general  areas  employed  in  the  analytical 
treatment:  a)  the  fuel  available  in  terms  of  fire  load,  b)  the 
resistance  afforded  by  the  structure  through  subdivision,  and 
c)  the  oxygen  supply  in  terms  of  the  window  area. 

With  this  system  a  total  of  22  points  may  be  charged 
against  a  building.  When  the  total  does  not  exceed  10,  the 
property  can  be  considered  "fire  limiting."  When  the  total 
reaches  11  or  more,  the  building  should  be  considered  either 
"suppression  dependent"  or  "completely  untenable."  This  system 
may  be  used  for  entire  buildings  using  significant  values  or  it 
may  be  used  to  draw  conclusions  about  individual  full  floors. 
Reference  should  be  made  to  Chapter  V  "Operational  Guidance" 
for  meanings  of  these  groupings  and  full  basis  for  judging  shel 
ter  building  suitability. 
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2.  Combustible  Fire  Load 

The  total  amount  of  combustible  materials  present  in  a 
building  is  one  of  the  factors  which  determine  the  duration  of 
a  fire,  and  therefore  the  fire  exposure  that  the  building  and 
its  component  parts  are  called  upon  to  withstand.  Known  as  the 
"fire  load",  this  consists  of  contents  items,  building  trim  and 
flocr  surfacing  in  structures  not  having  combustible  structural 
members.  A  survey  which  reports  representative  values, 
"Combustible  Contents  in  Buildings,"  U.  S.  Department  of 
Commerce  Building  Materials  and  Structures  Report  149,  can  be 
used  as  a  basis  for  such  calculations. 

In  making  the  assessment,  the  charge  should  be  made 
against  the  floor  having  the  highest  average  fire  load: 


Load  (lbs/sq.ft) 

Not  greater  than  3 

Greater  than  3,  but  not  greater  than  8 
Greater  than  8,  but  not  greater  than  15 
Greater  than  15,  but  not  greater  than  25 
Greater  than  25 
3.  Building  Ventilation 


Points 

0 


4 


6 

8 

10 


The  second  factor  relating  to  fire  duration  is  the  rate 
at  which  the  available  combustibles  are  burned.  The  burning 
rate  is  determined  by  the  ventilation  available  to  the  fire. 
This  ventilation  is  approximated  by  the  proportion  of  window 
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area  to  total  wall  area  on  every  above-ground  floor.  Wired 
glass  windows  in  metal  frames  and  fully  enclosed  display  win¬ 
dows  should  be  disregarded. 

If  the  effective  window  area  percentage  is  less  than 
15  per  cent  but  exceeds  6  per  cent  charge  2  points.  If  it  does 
not  exceed  6  per  cent,  charge  4  points. 

4.  Subdivision  of  Floor  Areas 

Where  principal  subdivided  areas  of  the  floors  being 
considered  exceed  25  per  cent,  the  value  of  subdividing  parti¬ 
tions  and  corridors  should  be  considered  in  the  following 
manner : 

a.  If  corridors  are  wider  than  six  feet  or  if  all 
corridor  openings  are  protected  with  metal  doors  not  having 
louvers  or  ordinary  glass  sections,  make  no  charge. 

b.  If  corridors  are  six  feet  or  narrower,  but  have  a 

door  of  any  description  in  all  corridor  openings,  charge  2  points. 

c.  If  no  corridors  or  partitions  exist  with  protected 
openings,  charge  4  points. 

5.  Subdivision  between  Floors 

a.  If  each  floor  opening  is  surrounded  by  a  masonry 
shaft,  with  openings  protected  on  each  floor  with  metal  doors 
not  having  louvers  or  ordinary  glass  section,  make  no  charge. 

b.  If  all  floor  openings  are  protected  as  specified 
above,  but  some  protected  openings  are  direct  rather  than 
through  an  intermediate  shaft,  charge  1  point. 
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c.  If  floor  openings  are  protected  but  combustible  doors, 
shafts  or  door  linings  are  employed,  charge  2  points. 

d.  If  all  floor  openings  are  surrounded  by  shafts,  but 
unprotected  openings  into  a  shaft  exist,  charge  3  points. 

e.  i^o  floor  opening  protection,  charge  4  points. 

This  system  was  developed  for  use  in  the  selection  of 

buildings  on  the  basis  of  fire  safety  to  confined  fallout 
shelter  occupants.  It  is  limited  to  nonoperat ional,  undamaged 
structures.  The  use  of  this  evaluation  means  beyond  this 
scope  is  not  intended. 
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